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Advanced and Preliminary Information 
In this data book the following conventions 
are used in designating a data sheet “Ad- 
vanced” or “Preliminary:” 


Advance Information— 

Indicates a product still in the design cycle, 
and any specifications are based on design 
goals only. Do not use for final design. 


Preliminary Data— 

Indicates a product not completely re- 
leased to production. The specifications 
are based on preliminary evaluations and 
are not guaranteed. Small quantities are 
available, and Silicon Systems should be 
consulted for current information. 


DISCLAIMER 


All products listed herein and subsequently sold by Silicon Systems, Inc. are covered by the warranty, limitation 
of liability and patent indemnification provisions reflected in the Silicon Systems Order Acknowledgement Form 
only. Silicon Systems, Inc. makes no warranty, express or implied, statutory or by description regarding the 
information set forth herein and/or freedom from patent infringement. Silicon Systems, Inc. reserves the right to 
discontinue production, change specifications and prices at any time and without notice. 


Applications requiring mechanical and electrical parameters outside of the published specifications are not 
recommended without additional review and acceptance by Silicon Systems, Inc. Silicon Systems, Inc. further 
assumes no responsibility for the use of any integrated circuit technology other than integrated circuit technology 
_ embodied in a Silicon Systems, Inc. product. These products are not authorized for use as components in life 

- support devices or systems. No patents or licenses regarding the integrated circuit technology herein are implied 
unless otherwise stated. | 4 
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Section 1. HDD READ/WRITE AMPLIFIERS 


32R104C 4-Channel Read/Write Device 00.0.0... cccsssessscessssssevescceceessssssssceseescesenscesesscusancsscuseaesscceecsess . 
32R117/117R 2-, 4-, 6-Channel Read/Write Device oe. cececccscccssessscsccescensssecssssscccececaussecerssesecssuseeuscesscees ic 
32R501/501R 4-, 6-, 8-Channel Read/Write Device .0....... i... ccc sssessscsssveccsscsesstecccsssccecssseescessseusecscesnsnscceserers 
32R510A/510AR 2-, 4-, 6-Channel Read/Write Device ....................ccccsscccsssescccccssccssccccccecccccscccesscsscesenscssceeceses 1-1 
32R511/511R 4-, 6-, 8-Channel, Ferrite Read/Write Device ..............ccccccccsseccsessseccceeeceeeees abyalnseveneyitadedtasstvecden . 
32R512/512R 8-, 9-Channel, Thin Film Read/Write Device ...............cccccscsccsscccccssscesccersccececcssecccescnsasseseeens 1-11 
32R5121/5121R 14-Channel, Thin Film Read/Write Device ...............ccccccccsssscccssscssscsscescescucccesscensessaescceeeeees 1-21 
32R516/516R 4-, 6-, 8-Channel, Ferrite Read/Write Device ..............cccccccccseccsccesecsssssscessscccetescesssscuceeeeees 1-29 
32R5161R 10-Channel, Ferrite/ MIG Read/Write Device ............... sSuapeusannnecgaceeu bode sneeti neaasbacoueeeaeusecautey 1-41 
32R520/520R 4-Channel, Thin Film Read/Write Device .................::csscsssesccescsscesessessececsesscesesecesssecessensesseeaesees 7 
32R521/521R/5211 6-Channel, Thin Film Read/Write Device ...............cccccssscessscesseeceressecesseccescecessceseessceeseeaeeeeeeeeees 7 
32R522/522R 4-, 6-Channel, Thin Film Read/Write Device ........... ccc ccccceessccseccceccesceecsescecssceesesessccececesseess * 
32R524R 8-Channel, Thin Film Read/Write Device .............cccccccccscccsssssssssssssecstscescsseececscseeesseescsneesccs 1-51 
32R525R 4-Channel, Thin Film Read/Write Device ................cccccccsssceccecesccesesescescecessensceveucosseeeseessesseeeess . 
32R527R 8-, 9-Channel, Thin Film Read/Write Device oo... ccecseeccsesecccececusessecceseusesseseucnsceeceeseceas - 
32R528R 8-, 9-Channel, Thin Film Read/Write Device .............ccccsscsceseessvecssseecceeeasteceseseseseseeensssasenees 1-59 
NEW 32R5281R 14-Channel, 2-Terminal Read/Write Device ..............cccsccccccecssessseccnsssecsnsccerscscssescsscesseeeats 1-67 
32R1200/1201 +5V, 4-Channel, Ferrite/MIG, Read/Write Device ........ cee seetetescseeesceeoenes aditveadenieagesiel 1-75 
NEW 32R1220/1221/1222 +5V, 2-,4-Channel, Ferrite MIG R/W Device ............ccccccccccssesscsssecsssseseveessssecersasscsssseseeees 1-85 
32R2010R 10-, 16-Channel, Thin Film Read/Write Device .............cccccccsscsssscsesseesccccscssccrstsecsceceesssaeees 1-95 
NEW 32R2015R 10-, 16-Channel, Thin Film Read/Write Device. ...............sssssccssescssscssssseseccceccesarsessccenscecers 1-103 
NEW 32R2020R/2021R +5V, 2-, 4-Channel Read/Write Device ............ ct cbataeieas oidicai a begeabuceusaeaea eateuusisatyeeueniesees oes 1-111 
NEW 32R2030A/2031A = +5V, 2-, 4-Channel, 2-Terminal Read/Write Device ............ eee ecscesessssssssssrceeesecsssssseeeees 1-119 
32R4610A/4611A  2-, 4-, 8-Channel, Thin Film Read/Write Device ........... ccccssccsssercsetesssssstessssscsessssssees 1-129 
Section 2. HDD PULSE DETECTION 
32P540 Series Pigad Dale Plocessor ic sscscta, asc isvess sivcseasBewcotabteaisduaueuanaensanudoicumedeceisiaaratiaakesauastaeisiaeetiateenianee > 
32P541 Mead Data Processol istic tescastues! Sua ins och cease cede esses cou dee seoa tease Sea ahe ese toeuecauass Sete 2-1 
32P541B Mead: Wala PlOCOSSON cass vieccavctecscgaduedivcsriceuscasiss tonsaaeateas neta sacadaasae sdebougavoauidinds tviaukewenaitaess 2-11 
NEW 32P5411B Read Data Processot ..........ssesseeeees Ce eR re re re 2-25 
32P544 Read Data Processor and Servo Demodulator .........c.ccccccccccssssssscceeceseessceeeessseaseceeeaseaneasenee 2-39 
32P546 Read Data Processor with Pulse Slimming .............s:cssccssesesreseeeees diidseaadeuiddeeancaddecteesbansinsuente _ 
32P547 High Performance Pulse Detector................cssccesssssrsessseecessseeeees agieeees ldueaucuetisataapnocseeee: 2-61 
32P549 PUISG DBLOCION idee ss sisates ace ea sce ctica wat otctatses teaasGas ceeoceudacceccagu us ohcanacs cas tecausssenteian teesgaasenadeaaans 2-79 
NEW 32P5491 PUISO DELO CION a5 saschccacusilsuenascsveathatatsttednacassinaatavactea obtassuasseupined visile geass Ueb Tine Ae Meaniibraastiee es 2-91 
32P3000 Pulse Detector with Internal Filter ..................ccccccccsssscccsssssscccssccesscecessesceseressseceseesseseseeeees 2-103 
NEW 32P3010 Pulse Detector with Internal Filter, Servo Capture .00........ ce. ccessssseeecsessseresesseeenesenaeeeneeees 2-115 
NEW 32P3030 Pulse Detector and Servo Demodulator ................cccccccscccessssscscesccsceescecesccscseuecesesscucuesereess 2-127 
NEW 32P3040 Pulse Detector with Programmable Filter ...............cscssssccessssecessscssseseesseceecesseereeseeeeeesees 2-143 
Section 3. PROGRAMMABLE ELECTRONIC FILTERS 
NEW 32F8000 Programmable Electronic FiINOl aiscissccraisetcaceiessis atten desea lode uerttaag alee nacre seeds 3-1 
32F801 1/8012 Programimable Electronic Fite cccassniccislesccchecisectps set ates ccndawsb cates erowas soccsveasncopanbancivuaoieaatncs 3-11 
NEW 32F 8020/8022 Programmable Electronic: Filter iccias.cissceccccostvscesscsesvcaescospsanta tenacsaecenasecussbacivaasevacstnekepieveanens 3-23 
NEW 32F8021/8023 = Programmable Electronic Filter ................ eeaeescuaSanetetnas sages segestauelcaoth emacpeaeeesn ase astbeccmeuemnensna 3-33 
NEW 32F8030 PFOOCAMMADIS EIOCIOMIC FING ssc sissssssenaasactosisdssastuosseetescacsddan soaueasagenssutbasdausuesierseusosbenantene 3-41 
32F8120 Low Power Programmable Electronic Filter .............:sssscsssscssssssssscsecssssecsssssscesssessssessesseeees 3-51 


32F8130/8131 Low Power Programmable Electronic Filter ...............:csssccssssceessescnseesessees Peave cares caeaNae 3-57 


* Data Sheet available upon request. HI 
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Page # 
HDD DATA RECOVERY 
32D5321 Data Synchronizer/2, 7 RLL ENDEC ................ iiasiiaeeaubswuseiciatadeqiedeisassiesensainSeettalatacanseesast 4-1 
32D5322 Data Synchronizer, 2, 7 ALL ENDEC ............ccssesessessccscecesressesees SacccteniGeaas nese vancacittes esis 4-19 
32D534A Data Synchronizer/MFM ENDEC............ de ieee vauecizidecauasanwetapsuuesietensavass ta teaceceauteautina size eaceareteeins 
32D535 Data Synchronizer, 2, 7 RLL ENDEC/Write Precompensation ..............:cssssssceesseeesseseees 4-37 
32D5351A Data Synchronizer, 2, 7 RLL ENDEC/Write Precompensation ..............scsesscseseesseesesessees 4-57 
32D5362A Data Synchronizer,1, 7 RLL ENDEC/Write Precompensation ...............:csesssesssssssseesseeeeees 4-77 
32D5371/72/73/74 Data Synchronizer, 1,7 RLL ENDEC Write Precompensation .....................--esecceeeeeeceeeees 4-95 
32D539 Data Synchronizer, 1, 7 RLL ENDEC, 8-Bit NRZ ou... ete cccccsteestsseescseessssereeeeseerees 4-113 
32D5391 Data Synchronizer, 1, 7 ENDEC, Serial NRZ ou... ec seseeeecsseneseessesscsessensesenserseeseseseees 4-133 
32D5392 Data Synchronizer, 1, 7 ENDEC, Dual-Bit NRZ uu... ce ccctssecccsecesseesereesessnscseonseeoneeees 4-139 
32D4010 Data Synchronizer, 1,7 ENDEC, Window Shift, Power Down...............scsscsse eee mrt 4-143 
32D4420 Programmable Filter and Frequency Reference ...........ccsccccssscesccscecssecssecsecssssseseesoenes 4-165 
32D4660 TIM Bas Gomer att asiasiasssssccdvcscevess ishaaecesacoscnsievanssesseusceaiaauigesinateeiaaaecedetdeduusssnesdaaieenoaeken 4-173 
32D4661/4662 Time Base Generator facicscoscasicciacvecssnvssid ecwacvesss sasdesvis counoinssusndaeacweidisintelasndemensaoaigerwcttthes 4-183 
32D4665 TUNG BESO GEN OLAON sc iricscsscnesiiveaincaiteayscenvapiuneccrehcilernstiveacel cxddcucembasedansuev seduced atenachetut asics 4-197 
Data Synchronizer Family Applications Note ...........ccesssssssssscssssresssssscsssesscssctssssacessssecerescssssneceeaseceeeceeeesessaesess 4-207 
READ CHANNEL COMBINATION DEVICES 
32P548 Pulse Detector and Data Synchronizer Combination Device ..............-csccsscscscccsseseceeeteesentees 5-1 
32P5481/5482 Low Power Pulse Detector and Data Synchronizer 0.0... ee eceeeesesenerseeseseeeeenseeesseeenseeeas 5-29 
32P4622 Pulse Detector and Data Separator Combination Device ...............ccccssscessesnessesesesseeeseeees 5-55 
32P4720/4721 Pulse Detector and Data Separator Combination Device ...00........ ce ceeseeecnecceeerreceeeeeenees 5-91 
32P4730 Single Chip Read Channel, 1, 7 RUL 12-24 Mbit/s 0... eee ceereceesereseeereeeeenreeeseneosees 5-121 
32P4740 Single Chip Read Channel, 1, 7 ALL 24-48 Mbit/s ........ cc eeseccccescsescecescsseceeceeessserecceneaes §-125 
HDD HEAD POSITIONING 
32H101 Differential Amplifier .............ccsscscssssrsressscesesesees Doe vaes les telaetsbs Wave weseteiestevsinoeinaenndena eave eae id 
32H116A Differential AmMoOlMOl io.cccescavcvasssivicsvoxdesasacetasceers shectabsnascasareayenasassaseasucsvencessbenaeees areas abate 6-1 
32H523AR Servo Read/Write, Thin Film............ aedashocs Cabustice Mas boas ieve cera sche cadeeeds LeMecsages etter 6-5 
32H566R Servo Read/Write, Ferrite .............cccsscsscssssscsscsnssssscescsccscsscsscccesessvcccsececsescecsereceseseesenscers 6-13 
32H569 SOIVG MOISE DIEM scotescerssitessiocncetpncatenesteneg ier ouneeiais moe sche taaley soreness eateenenlys 6-23 
32H4631/4632 Hybrid Servo & Spindle Motor Controller .0..............sssssccsesccsscescrscrsssesssesssesseeesesaeeeceeeeenees 6-39 
32H6110 DIOL OO all AITIOUN GN scarce ssoetvs vue easasate a cecgaussenut astound sasuscssiin ens etecsessUevenersssuetestetieass atnaeerees 6-75 
32H6210 SORVO: DO MMOGs AO beens us satvy lees. va decgee -saeedecacewe ai cwee ude sues eos buusruen Coy ocus ane aed basemen awaces Ocnivaeer 6-79 
32H6220 SOMO CON CNEL a xivisctesasetsaysecevastiassasbsstestavaven teins auesavnonsanoteatenaite a heaatencraseula pacanteereconn ees 6-95 
32H6230 SGEVO MOTO VER coc at sac ctgaup sh ace oaeccaten cu tsunecicamases tras cna doad cs vont euncatonaces ealate quastesseeseaszens 6-121 
32H6240 SOIVO MOU DV ON sais coi veucsser eas ates faasivecasatooivenusaeecosstacadecenescaeortlovcnepuciuatad ceases oeest cs venceeneece 6-135 
32H6510 DV SOLVO MOLOE DIVER sccisa paakces sues cvvescuce vais caheceususeyekacucns desecsecuccevevie gouckeddausedsnaaesuytieaseceae 6-145 
32H6520 Embedded Servo Controller ...........ssccssssseeccsssssssccssscescessccenessscstecescesnceassnsssnseqescsatecsecenes 6-151 
32H6810 SV Servo & Motor Speed Drivers .............sescssscecreseescesssesscescesesscnseeseessecessscnsscsesssseseeseres 6-169 
SEIVOADPliCAUOrS NOMS sais su caessuseceuasspu'vss ge uvsaxwiasse eileen dase det sad edatecqtesuctatadde Cece vabuasesoucseevetoresda teaceunsteatnelsensseecaeens 6-179 
HDD SPINDLE MOTOR CONTROL 
32M593A Three-Phase Delta 5-1/4" Winchester Motor Speed Controller 0.0... ec ccceseessterenseeeenees 7-1 
32M594 Three-Phase Delta Motor Speed Controller ............. dia vudcaniaGaduessase cia ansetceseesenceapoucaunmnastess 7-13 
32M595_— Hall Sensor-Less Motor Speed Controller... cee esccccsscscesssscceeesseecsssereceseessesscecaeeeeseees 7-25 
32M7010 Hall Sensor-Less Motor Speed Driver/Controller ............scccsssessssescsecsessscssssesseesrenessesseeees 7-35 
32M7011 Hall Sensor-Less Motor Speed Driver/Controller .............cssessssssceeresercessseres Ragas ceevaueea sees 7-43 
HDD CONTROLLER/INTERFACE 
320260 PC AT/XT Combo Controller — 15 MbIUS .........cscccscccssssccsssecsssssseeceresseressesecssscseseneeeseseee ss 8-1 
320261 PC AT/XT Combo Controller with RLL (2, 7) ENDEC, 24 Mbit/S oo... cee cteetsteeeeeeeee 8-17 
320263 PC AT/XT Combo Controller with 3V operation, 16 MDIt/S 0.0.0... ssecestsesssenssseeesaveceees 8-37 
3204650 PC XT/AT Combo Controller, 26 Mbit/s .............sccsccssssssrcescscessetecsonsesssecsncsseceesecesseeeeneeasees 8-43 
32C4651 PC AT/XT Combo Controller, 26 MDItS .............:cssssscssrcreesssssscescrssereescacssncesesseeesacesesenses 8-59 
32C9000 PC AT Combo Controller, 32 MDItS .00.........ccssscccsscesrecersscecsescsesseecsnesersceesceseaecesssceseceeseesaes 8-75 


* Data Sheet available upon request. IV 


NEW 32C9001 Gombo Al Controller: 48 MOI Sicscccdcesssviccssictecssecesteceisovceseedacestceszacenaaceunssasedassesieeeasesvsendeases 8-83 
NEW 32C9010 SCSI Combo Controller, 32 MDbIt/S ............cccssscssssssscssscssssscescesceesessensseccnececsecsranacenssssssseseeces 8-91 
NEW 32C9020 Combo: SCSI Controller; 48. MDIUS isso ccicescecisicaascccccesssecsescesewseteseckossasessesssucwasacbcceedsuseossstnss 8-97 
NEW 32C9022 Combo SCSI Controller, Dual-Bit NRZ, 48 Mbit/s ..............cccccccsesececcscsecccrceseceresccesassseeeees 8-103 
NEW 32C9301 High Performance AT Combo Controller, 3V operation, 30 Mbit/S ......... ee cceseeteeseeeeeneeee 8-109 


Section 9. FLOPPY DISK DRIVE CIRCUITS 


34D441 Data Synchronizer & Write Precompensation DeVICO ................ceseccceseecesnsseseesessensecseaneneenseeees ¥ 
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Surface Mount Device (PLCC) 20 and 28 Leads 00... ecesssceecssesseecescsssseeeescssuecsssueescsesssseeeaessscesensessoenseeenesess 12-7 
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OP 92 POO LOANS oacilaca ican autctaet vanes dade Rtas voces sunana uterus toneviivecacseateabeenuioniaicxtasouiecs Wena talaraniees he tenetanc cemeuntons 12-10 

TQ 32, AS VOAS sacs s286 spat sadis cre scasadeccnde deste saual os vastetaicnst otaswocsancsscetaSs.a said dagen scneadaaetaesuads saieneuhassstamiadeo is icaacaet 12-11 

HEP G4 LOS rr soa hatvacabiicas hints wasvauecanuecoavencansou eisapbacudia sa aducs ca adocseadau seus cosactads iad opete eacasaiuetawttealinates samennces 12-12 

BOING 4G UO WOAIS ie 2ss ss oid cocci) faces Scalentua tess aasncesis coc iaduaiue a oai atone eaeagunticia saben sca cebaiat ve deauces ap caiauacsaiaes ams 12-13 

SOL 16168, 20; 24 ain SBE ONS ss sob sed caipecetess cata ecteea Oval a uctane tag ana de ruaia eae eeu desta vewicede tant oa cheus decals 12-14 

Ob BF AGS od, cast poet iosee shies 5 savin rata esa asec seetes tus aaae cadets absaead ca axa ngne tate eo eae eae 12-15 

SOW SS OAS 5s oo cecsed conics taciassebareaierra hapa va nao des weanipaae aes strgesalewantaaeetaa ana dae dtsaudeeng sce peteaaiae cece saueenasenteseeeeee is 12-15 

SOOO OAS) Sete terela seco Saasiate scaetatasthesatss tsa ceesgceeduassy: dultetisuswoue cutvotaten eanhea ee sae eau oasl on eed Ga eax sce deuaicesa noneesmpaeeeseenss 12-15 

SOM 4A GAGS usa sncsscecure cds wet cnciduceccucean acces wadusuas ace vcaeyeecetaoes ucts clon seo iaue dense amsaenna suncvatdeuaanautdenthsoinebasvarceusanerseoaiuces 12-16 

VSEOP LO, 2A AOS isaac pr vsvi se shccasennaceevosqudifeccacssnotentisina us giuess tov nutans ws ca utes sexipu sds sou eac ga Cau dunas depanie yeu nae ee et aa aay seca 12-16 

Section 13. SALES OFFICES/DISTRIBUTORS ................ccccccccssscescesscesesseecesaeeeceseeeeeaneeseeneeeceseseesesenaeessaees 13-0 


Discontinued Parts List 


The following parts are no longer supplied or supported by Silicon Systems. Please note alternate sources. 


Part # Alternate Source Part # Alternate Source 
SSI 32B450A SSI 32B451 SSI] 32P541A SSI 32P541B 
SSI 32B451 None SS! 32P542 None 

SSI 32B453 None SSI 32R108M, 32R122 None 

SSI 32B545 None SSI 32R114 SSI 32R525R 
SSI 32C452A None SSI 32R115 None 

SS! 32D531 None SSI 32R188 None 

SSI 32D536 SSI 32D5362A SSI 32R502 None 

SSI 32D537 SSI 32D537 1/5372 SSI 32R514 None 

SSI 32D5381 Signetics SSI 32R515 None 

SSI 32H567 SSI 32H6210 SSI 32R526R None 

SSI 32H568 SSI 32H6220 SS! 32R529 None 

SSI 32H4630 None SS! 32R5111 None 

SSI 32M590 None SS! 34P550 None 

SSI 32M591 None SS] 34P570 None 
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SSI 32R117/117R 
SSI 32R501/501R 
SSI 32R510A/510AR 
SSI 32R511/511R 
SSI 32R516 

SSI 32R5161R 

SSI 32R1200/1201 
SSI 32R1220/21/22 
SSI 32R512/512R 
SS! 32R5121/5121R 
SSI 32R521/521R 
SSI 32R5211 

SSI 32R522/522R 
SSI 32R524R 

SSI 32R525R 

SSI 32R528R 

SSI 32R5281R 

SSI 32R2010R/201 1 
SSI 32R2015R 

SSI 32R2020R/2021R 
SSI 32R2030A/2031A 
SSI 32R4610A/4611A 


3 Terminal 
3 Terminal 
3 Terminal 
3 Terminal 
3 Terminal 
3 Terminal 
3 Terminal 
3 Terminal 
2 Terminal 
2 Terminal 
2 Terminal 
2 Terminal 
2 Terminal 
2 Terminal 
2 Terminal 
2 Terminal 
2 Terminal 
2 Terminal 
2 Terminal 
2 Terminal 
2 Terminal 


2 Terminal 


STORAGE PRODUCTS REFERENCE 


10 to 50 +5, +12 
10 to 50 +5,4+12 
10 to 40 +5, +12 
10 to 40 +5,4+12 
10 to 60 +5,412 
10 to 60 +5,4+12 
15 to 50 +5 

15 to 40 +5 

10 to 40 +5,4+12 
10 to 40 +5, 412 
20 to 70 +5,+12 
20 to 70 +5,+12 
6 to 35 +5,+12 
20 to 60 +5, +12 
25 to 40 +5,-5 
10 to 40 +5,4+12 
10 to 40 +5, +12 
10 to 25 +5, +12 
10 to 25 +5, +12 
5 to 35 +5 

10 to 35 +5 

10 to 35 +5 


Differential / Differential 
Differential 
Differential 
Differential 
TTL 
TTL 


8.0 (0-pk) 
7.5 (0-pk) 
7.0 (0-pk) 
7.0 (0-pk) 
7.0 (0-pk) 
7.0 (O-pk) 
6.0 (0-pk) 
6.0 (0-pk) 
7.0 (pk-pk) 
7.0 (pk-pk) 
3.4 (pk-pk) 
3.4 (pk-pk) 
3.4 (pk-pk) 
7.0 (pk-pk) 
3.8 (pk-pk) 
7.0 (pk-pk) 
7.0 (pk-pk) 
7.0 (pk-pk) 
7.0 (pk-pk) 
3.4 (pk-pk) 
3.4 (pk-pk) 


3.4 (pk-pk) 


SSI 32P541 Read Data Processor AGC, Amplitude & Time Pulse Qualification, RLL Compatible . 

SSI 32P541B Read Data Processor 32P541 pin compatible, 32P541A w/ Increased Data Rate to 24 Mbit/s 

SSI 32P544 Pulse Detector 32P541-type Pulse Detector w/ Embedded Servo Electronics 

SS! 32P547 Pulse Detector 32P544-type Pulse Detector w/ Filter Multiplexer, Pulse Slimming Support 

SSI 32P549 Read Data Processor 

SSI 32P5491 Read Data Processor 

SSI 32P3000 Pulse Detector / Programmable Filter 
SSI 32P3010 Pulse Detector / Programmable Filter 
SSI 32P3030 Pulse Detector / Servo Demodulator 
SSI 32P3040 Pulse Detector / Programmable Filter 


32P541 pin compatible, Low Power, +5V only, Enhanced Write to Read Recovery 
32P549 pin compatible, 5 mW Idle Mode power, Pd = 170 mW 

48 Mb/s Pulse Detector w/9-27 MHz Bessel filter, +5V only 

48 Mb/s Pulse Detector w/9-27 MHz Bessel filter, 4-burst servo capture 

Pulse Detector w/2-burst servo demodulator, +5V only 

24-32 Mbit/s Pulse Detector w/2.5-13 MHz Bessel Filter, +5V only 
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STORAGE PRODUCTS REFERENCE 
HDD READ CHANNEL COMBINATION DEVICES an - ia, 
SS! 32D4420 
SSI 32P548 
SS! 32P5481 
SSI 32P5482 
SSI 32P4620 
SSI 32P4622 
SSI 32P4720 
SSI 32P4721 
HDD ACTIVE FILTERS 
SSI 32F8000 
SSI 32F8011 
SSI 32F8020 
SS! 32F8030 


7-pole Equiripple Filter, Control DACs, 72 MHz Frequency Synthesizer 
32P544-type w/ 2, 7 Synchronizer, Low Power, +5V only, <700 mW 
Low power 32P548-type device (375 mW) 

Low power 32P548-type device (350 mW), no Write Precompensation 
32P541-type + 32D537-type Data Separator w/Pulse Slimming & Constant Density Recording Support 
32P541-type + 32D537-type, no Filter Section, 52-pin QFP, 900 mW 

32P548-type + 1, 7 ENDEC, Window Shift, Power-down, 52-pin QFP, 650 mW 

32P4720 @12 to 24 Mbit/s, <700 mW 


Programmable Filter / Time Base Generator 


Pulse Detector / Data Synchronizer 


Pulse Detector / Data Synchronizer 


Pulse Detector / Data Synchronizer 


Pulse Detector / Data Separator 


Pulse Detector / Data Separator 
Pulse Detector / Data Separator 


Pulse Detector / Data Separator 


Programmable Channel Filter 7-Pole Equiripple Active Filter, Programmable Cutoff Frequency / Pulse Slimming, 9 - 27 MHz 


Programmable Channel Filter 7-Pole Bessel Active Filter, Programmable Cutoff Frequency / Pulse Slimming, 5 - 13 MHz 


Programmable Channel Filter 7-Pole Equiripple Active Filter, Programmable Cutoff Frequency / Pulse Slimming, 1.5 - 8 MHz 


7-Pole Equiripple Active Filter, Programmable Cutoff Frequency / Pulse Slimming, 250 kHz - 2.5 MHz 
SSI 32F8120 32F8020 with serial port and DACs 

SS! 32F8130/31 Digitally Programmable Filter 32F8030 with serial port and DACs / 32F8131 = 150 kHz < Fe < 1.5 MHz 

SSI 32D4010 Data Separator Data Synchronizer / 1, 7 RLL ENDEC 12 to 24 Mbit/s / Write Precompensation / Window Shift / Low Power 
SSI 32D5321 Data Synchronizer / 2, 7 RLL ENDEC 7.5 to 10 Mbit/s 

SSI 32D5322A Data Synchronizer / 2, 7 RLL ENDEC 7.5 to 13 Mbit/s 


Programmable Channel Filter 


Digitally Programmable Filter 


Data Separator 


Data Separator 


SS! 32D534A Data Separator Data Synchronizer / MFM ENDEC / Write Precompensation 
SSI 32D5351A Data Separator Data Synchronizer / 2, 7 RLL ENDEC / Write Precompensation 8 to 18 Mbit/s 
SSI 32D5362A Data Separator Data Synchronizer / 1, 7 RLL ENDEC / Write Precompensation 10 to 20 Mbit/s 


Data Synchronizer / 1, 7 RLL ENDEC / Write Precompensation 12 to 24 Mbit/s 
Data Synchronizer / 1, 7 RLL ENDEC / Write Precompensation 15 to 32 Mbit/s 
Data Synchronizer / 1.7 RLL ENDEC / 8-bit parallel NRZ 24 to 48 Mbit/s 

Data Synchronizer / 1, 7 RLL ENDEC / Serial NRZ 24 to 40 Mbit/s 
Data Synchronizer / 1, 7 RLL ENDEC / Dual-bit NRZ 24 to 48 Mbit/s 
Up to 100 MHz Reference Frequency PLC for Constant Density Recording 


SSI 32D5371/2 
SSI 32D5373/4 
SSI 32D539 
SSI 32D5391 
SSI 32D5392 
SSI 32D4660/1/2 Time Base Generator 

HDD HEAD POSITIONING . 
SSI 32H101 


Data Separator 
Data Separator 
Data Separator 


Data Separator 


Data Separator 


Preamplifier -Ferrite head AV = 93, BW = 10 MHz, e, = 7.0 nV/VHz 


SSI 32H116A Preamplifier -Thin Film head AV = 250, BW = 20 MHz, e. = 0.94 nV/VHz 
SSI 32H523R Servo Read/Write Single-channel Thin Film Read/Write Device 
SSI 32H566R Servo Read/Write Single-channel Ferrite Read/Write Device 


Head Parking, Spindle Motor Braking 
Embedded & Hybrid Servo, Hall Sensor-less Motor Speed Control, +5V only, 3600 RPM (4631) 5400 RPM (4632) 
AV = 250 or 300, BW = 20 MHz, e_ = 0.85 nV/VHz 

Di-bit Quadrature Servo Pattern; PLL Synchronization AGC Adjustment 

Track & Seek Mode Operation; Microprocessor Interface 


Servo Motor Driver 
Combo Servo & Motor Speed Control 
Preamplifier -Thin Film head 


SSI 32H569 
SSI 32H4631/32 
SSI 32H6110 
SS} 32H6210 
SSI 32H6220 


Servo Demodulator 


Servo Controller 


Xl 


SSI 32H6230 Servo Motor Driver Head Parking, Spindle Motor Braking, Voltage Clamp 
SS! 32H6240 Servo Motor Driver Predriver for Bipolar H-bridge 
SSI 32H6510 Servo 5V Driver Low Voltage Retract, 1Q drivers 
SSI 32H6520 Servo Acquisition and D/A 10-bit A/D D/A circuits, DSP interface 
SS! 32M593A 3-Phase Motor Speed Control +0.037% Speed Accuracy; Bipolar Operation, 5 1/4" Drives 
SSI 32M594 3-Phase Motor Speed Control +0.037% Speed Accuracy; Bipolar Operation, 3 1/2" & 5 1/4" Drives 
SS! 32M595 3-Phase Sensor-less MSC Hall Sensor-less; Motor Speed Control 
SSI 32M7010 Motor Speed Control 5V Driver Hall Sensor-less; Commutator Digital Speed Control, 5V 1Q Driver 
SSI 32M701 1 Motor Speed Control 5V Commutator Hall Sensor-less; Commutator, 5V 1Q Driver 
HDD CONTROLLER/INTERFACE 
SSI 32C260 PC AT/XT Combo Controller 15 Mbit/s Combo Buffer Manager/Disk Controller/AT/XT 
SSI 32C261 PC AT/XT Combo Controller (RLL 2, 7 ENDEC: SH-260 Compatible) / AT/XT Interface 
SSI 32C4650 PC AT/XT Combo Controller 26 Mbit/s Disk Controller/AT/XT; SH-265 compatible 
SS! 32C4651 PC AT/XT Combo Controller 26 Mbit/s Disk Controller/AT/XT; SH-266 compatible; EISA Type-B Demand Mode Support 
SS! 32C9000 High Perf. PC AT Combo Controller 32 Mbit/s; High Performance AT Disk Controller 
SSI 32C9001 PC AT Combo Controller A8 Mbit/s 
SSI 32C9010 High Perf. SCS! Combo Controller 32 Mbit/s; SCSI-2 compatible; Fast SCSI; single ended 
SSI 32C9020 High Perf. SCS! Combo Controller A8 Mbit/s; SCSI-2 compatible; Fast SCSI; single ended 
SSI 32C9022 Combo SCSI Controller Dual-Bit NRZ, 48 Mbit/s 
SSI 32C9301 High Perf. AT Combo Controller 3V operation, 30 Mbit/s 
FLOPPY DISK DRIVES 
SSI 34D44] Data Separator 3 High Performance Analog Data Separator, NEC 765 Compatible 
SSI34P553 Pulse Detector / Data Synchronizer 0.6 - 1.6 Mbit/s data rate, MFM or 2, 7 RLL code 
SSI 34R575 Read/Write 2, 4 Channel Read/Write Circuit 
SS! 34B580 Support Logic Port Expander, Includes SA400 Interface Drivers/Receivers 
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DESCRIPTION 


The SSI 32R510A/510AR Read/Write devices are 
bipolar monolithic integrated circuits designed for use 
with center-tapped ferrite recording heads. They pro- 
vide a low noise read amplifier, write current control 
and data protection circuitry for as many as six chan- 
nels. The R option provides internal 750Q damping 
resistors. Power supply fault protection is provided by 
disabling the write current generator during power 
sequencing. System write to read recovery time is 
significantly improved by controlling the read channel 
common mode output voltage shift in the write mode. 
They are available in a variety of package and channel 
configurations. 


SSI 32R510A/510AR 
4,6 Channel 
Read/Write Devices 


November 1991 
FEATURES 


¢ High performance: 

- Read mode gain = 100 V/V (32R510A) 

- Input nolse = 1.5 nV/VHz max. 

- Input capacitance = 20 pF max. 

- Write current range = 10 mA to 40 mA 
¢ Enhanced system write to read recovery time 
° Power supply fault protection 
* Plug compatible to the SSI 32R117 
* Designed for center-tapped ferrite heads 
¢ Programmable write current source 
¢ Write unsafe detection 
¢ TTL compatible control signals 
° +5V, +12V power supplies 


BLOCK DIAGRAM 


vDD1 Vcc GND WuUS 


WRITE 
UNSAFE ft 
DETECTOR |: 


VOLTAGE | 
FAULT | 


vDD2 VCT 


MULTIPLEXER |? 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 


SSI 32R510A/510AR 
4, 6-Channel 
Read/Write Devices 


CIRCUIT OPERATION 


These devices address up to six center-tapped ferrite 
heads providing write drive or read amplification. Head 
selection and mode control is accomplished with pins 
HSn, CS, and RW, as shown in Tables 1 & 2. Internal 
resistor pullups, provided on pins CS and RW, will 
force the device into a non-writing condition if either 
control line is opened accidentally. 


TABLE 1: Mode Select 


0 =Lowlevel 1=Highlevel X=Don't care 


WRITE MODE 


The write mode configures the device as a current 
switch and activates the Write Unsafe (WUS) detection 
circuitry. Write current is toggled between the X and Y 
side of the selected head on each high to low transition 
of the Write Data Input (WDI). | 


The magnitude of the write current (0-pk) is pro- 


grammed by an external resistor RWC, connected 


from pin WC to ground and is given by: 


w= _K 
~RWC 


where K is the Write Current Constant. In multiple 


Power supply fault protection improves data security 
by disabling the write current generator during a volt- 
age fault or power supply sequencing. Additionally, the 
write unsafe detection circuitry monitors voltage transi- 
tions at the selected head connections and flags any of 
the conditions listed below as a high level on the open 
collector output pin, WUS. Two negative transitions on 


pin WODI, after the fault is corrected, are required to 


clear the WUS flag. 


¢ Head center tap open 
e Device in read mode 
e No write current 


* Head open 
« WDI frequency too low 
¢ Device not selected 


To reduce internal power dissipation, an optional ex- 
ternal resistor, RCT, given by RCT < 130Q x 40/Iw (Iw 
in mA), is connected between pins VDD1 and VDD2. 
Otherwise connect pin VDD1 to VDD2. 


To initialize the Write Data Flip Flop (WDFF) to pass 
current through the X-side of the head, pin WDI must be 
low when the previous read mode was commanded. 7 


READ MODE 


The read mode configures the device as a low noise 
differential amplifier and deactivates the write current 
generator and write unsafe circuitry. The RDX and 
RDY outputs are emitter followers and are in phase 
with the “X” and “Y” head ports. These outputs should 
be AC coupled to the load. The RDX, RDY common 
mode voltage is maintained inthe write mode, minimiz- 
ing the transient between write mode and read mode, 
substantially reducing the write to read recovery time in 


the subsequent pulse detection circuitry. 


IDLE MODE 


device applications, a single RWC resistor may be | 


made common to all devices. 


The idle mode deactivates the internal write current 
generator, the write unsafe detector, and switches the 
RDX, RDY outputs into a high impedance state. This 
facilitates multiple device applications by enabling the 
read outputs to be wire OR’ed and the write current 
programming resistor to be common to all devices. 
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SSI 32R510A/510AR 
4, 6-Channel 
Read/Write Devices 


PIN DESCRIPTION 


HOX-H5X 


HOY-H5Y 


“When more than one R/W device is used, these signals can be wire OR’ed. 


ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 
(All voltages referenced to GND. Currents into device are positive.) 


PARAMETER 


Lead Temperature PDIP, 
(10 sec Soldering) 


Package Temperature PLCC, 
SO (20 sec Reflow) 
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SSI 32R510A/510AR 
4, 6-Channel 
Read/Write Devices 


RECOMMENDED OPERATING CONDITIONS 


CONDITIONS 


PARAMETER 


a a 
Ce 
cw wiecuren ong fT 


*For lw = 40 mA. At other Iw levels refer to Applications Information that follows this specification. 


DC CHARACTERISTICS 
(Recommended operating conditions apply unless otherwise specified.) 


POWER SUPPLY 
CONDITIONS 


PARAMETER 
Read/idle Mode 


VCC Supply Current 


VDD Supply Current 
(sum of VDD1 and VDD2) 


Write Mode 


Idle Mode 


= 
ae 
— 
— 
rr 
Twists | 

el 

= 


idle Mode 
Read Mode 


Write Mode, lw = 40 mA, 
RCT = 0Q 


| Write Mode, lw = 40 mA, 
RCT = 130Q 


Power Dissipation (Tj = +135°C) 
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SSI 32R510A/510AR 
4, 6-Channel 
Read/Write Devices 


DC CHARACTERISTICS (continued) 
DIGITAL VO 


PARAMETER CONDITIONS 
Input Low Voltage Bee 


co 
VIL Lo 
[vi Input gh vote [2 
[it InputLow Curent | Vuzoav | 04 
rc et 
[VOL _WUS Output Low votage | 1oL=-8ma | 

ned 

10 


WUS Output High Current VOH = 5.0V 


WRITE MODE 


Write Mode, 
0< VCC <3.7V, 
0<VDD1<8.7V 


Write/Idle Mode 


Write/Idle Mode 


Head Current (per side) | Read or idle Mode 
0< VCC <5.5V 
0 < VDD1 < 13.2V 


Input Bias Current (per side) te 


Output Offset Voltage Read Mode 32R510A 
Common Mode Output Voltage Read Mode 


ees 
tn a 
= 

RDX, RDY = 6V 

Write/Idle Mode Taal 
het 
440 
45 
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SSI 32R510A/510AR 
4, 6-Channel 
Read/Write Devices 


DYNAMIC CHARACTERISTICS AND TIMING 
lw = 35 mA, Lh = 10 pH, Rd = 750Q; f(WDI) = 5 MHz, CL(RDX, RDY) < 20 pF. Recommended operating 
conditions apply unless otherwise specified. 


WRITE MODE — | 


PARAMETER CONDITIONS 


Differential Head Voltage Swing Pe 7.0 


Unselected Head Transient Current]; 
Differential Output Capacitance ra 


as 

eed 
eee 
| 32R510AR_— | 600 


ee ee 2B 
| 960 | 2 | 
P| Ke 


READ MODE 


< 
< 


EE 
< 


Bandwidth (-3dB) [Zs] < 5Q, Vin = 1 mVpp 


Input Noise Voltage BW = 15 MHz, | 
Lh=0, Rh=0 
| Differential Input Capacitance /f=5MHz  =——sd 


Differential Input Resistance 


Dynamic Range DC Input Voltage, Vi, 
Where Gain Falls by 10% 
Vin = Vi+ 0.5 mVpp 
@ 300 kHz 
ee 
| 2K 


Common Mode Rejection Ratio Vem = VCT + 100 mVpp 
@ 5 MHz | 
Power Supply Rejection Ratio 100 mVpp @ 5 MHz on 
. VDD1, VDD2 or VCC 


Channel Separation © Unselected Channels: 
Vin=100 mVpp @ 5 MHz; 
Selected Channel: 

Vin =0 mVpp 


Ww 


Single Ended Output Resistance 


Output Current | 


3 
> 
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SSI 32R510A/510AR 
4, 6-Channel 
Read/Write Devices 


DYNAMIC CHARACTERISTICS AND TIMING (continued) 
SWITCHING CHARACTERISTICS 


PARAMETER CONDITIONS | MIN | Nom | MAX | UNITS 

R/W To Write Mode Delay to 90% of 1.0 Ul 
Write Current 

R/W to Read Mode Delay to 90% of us 


100 mV, 10 MHz Read 
Signal Envelope or 

to 90% decay of 

Write Current 


Delay to 90% of Write 
Current or to 90% of 
100 mV, 10 MHz Read 
Signal Envelope 


S to Select 


—_ 

© 
Cc 

n 


CS to Unselect Delay to 90% Decay 
of Write Current 


HSO - HS2 to any head Delay to 90% of 100 mV 


10 MHz Read Signal 
Envelope 


WUS, Safe to Unsafe - TD1 lw = 35 mA, see Figure 1 1.6 
WUS, Unsafe to Safe - TD2 lw = 35 mA, see Figure 1 


Head Current 
(Lh = 0 WH, Rh = 0Q, see Figure 1) 


| Prop. Delay - TD3 From 50% Points ss 


Asymmetry WDI has 50% Duty Cycle 
and ins Rise/Fall Time 


Rise/Fall Time 10% - 90% Points 
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SSI 32R510A/510AR 
! 4, 6-Channel 
___ Read/Write Devices 


HEAD 
CURRENT 
( Ix- ly) 


FIGURE 1: Write Mode Timing Diagram 


APPLICATIONS INFORMATION 


The specifications, provided in the data section, account for the worst case values of each parameter taken 

_ individually. In actual operation, the effects of worst case conditions on many parameters correlate. Tables. 
3 & 4 demonstrate this for several key parameters. Notice that under the conditions of worst case input noise, 
the higher read back signal resulting from the higher input impedance can compensate for the higher input 
noise. Accounting for this correlation in your analysis will be more representative of actual performance. 


TABLE 3: Key Parameters Under Worst Case Input Noise Conditions 


PARAMETER | Tj=25°C Tj=135°C UNITS 
Inputs Noise Voltage (max.) ~ nV/VHz 


"Differential input Resistance (min. 32R510AR | 850 | 1000 
Differential Input Capacitance (max.) 


TABLE 4: Key Parameters Under Worst Case Input Impedance Conditions 


| PARAMETER Tj=25°C Tj=135°C 
Inputs Noise Voltage (max.) ; a ae nV/VHz 
Differential Input Resistance (min.) 32R510AR | B00 | 


re 
Differential Input Capacitance (max.) 
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SSI 32R510A/510AR 
4, 6-Channel 
Read/Write Devices 


APPLICATIONS INFORMATION (continued) 


+5V 


see Note 4 


100 pF see Note 1 


0.1 pF 
—— vcc vDD1 VDD2 
MICROPROCESSOR WUS 


LOGIC 
SUPPORT 


AGC 
AMPLIFIER 


SS! 32P541 READ DATA PROCESSOR 


RWC 
see Note 5 


NOTES 

1. Anexternal resistor, RCT, given by; RCT < 130 (40/lw) where Iw is the zero-peak write current in mA, can 
be used to limit internal power dissipation. Otherwise connect VDD2 to VDD1. 

2. Damping resistors not required on R versions. 


3. Limit DC current from RDX and RDY to 100 pA and load capacitance to 20 pF. In multi-chip application 
these outputs can be wire OR’ed. 


. The power bypassing capacitor must be located close to the device with its ground returned directly to 
device ground, with as short a path as possible. 


. To reduce ringing due to stray capacitance this resistor should be located close to the device. Where this | 
is not desirable a series resistor can be used to buffer a long WC line. In multi-chip applications a single 
resistor common to all chips may be used. 


FIGURE 2: Typical Application Diagram 
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SSI 32R510A/510AR 
4, 6-Channel 
- Read/Write Devices 


PACKAGE PIN DESIGNATIONS THERMAL CHARACTERISTICS 


ey [PACKAGE | iat 


HSt [28-lead | So. | 70cw | 
] Hs2 | 
WDI ts 
VDD1 - GND 
VDD2 ay 
VCT HOY 
H5X - H1X 
H5Y ~  HYY 
H4Y : H2Y 
H3X  RIW 
H3Y wc 
WUS RDX 
vcc | RDY 
6-CHANNEL 4-CHANNEL 


28-LEAD SOL | 24-LEAD SOL 


ORDERING INFORMATION 


PART DESCRIPTION ORDER NO. PKG. MARK 

| SS132R510A | | 
—4-Channel SOL | ~.. 32R510A-4CL - | 32R510A-4CL 
6-Channel SOL 32R510A-6CL . > 1 32R510A-6CL . 


SSI 32R510AR with Internal Damping | 


4-Channel SOL | __32R510AR-4CL __._32R510AR-4CL 


6-Channel SOL 32R510AR-6CL 32R510AR-6CL 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights. 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. | - _ ; 3 
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SILICON SYStOmS 
A TDK feo 


DESCRIPTION 


The SS! 32R512/512R Read/Write devices are bipolar 
monolithic integrated circuits designed for use with 
two terminal thin film recording heads. They provide a 
low noise read amplifier, write current control and data 
protection Circuitry for eight or nine channels. Power 
supply fault protection is provided by disabling the write 
current generator during power sequencing. System 
write to read recovery time is significantly improved by 
controlling the read channel common mode output 
voltage shift in the write mode. They require +5V and 
+12V power supplies and are available in a variety of 
package configurations. A mirror image pinout option 
is available to simplify flex circuit layout in multiple R/W 
device applications. The SSI 32R512R option pro- 
vides internal 1000Q damping resistors. 


BLOCK DIAGRAM 


vDD1 VCC GND WUS vOD2 


WRITE 
UNSAFE | 
DETECTOR | 


| MULTIPLEXER 
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SSI 32R512/512R 
8 & 9-Channel Thin Film 
Read/Write Device 


November 1991 
FEATURES 


¢ High performance: 


Read mode gain = 150 V/V 
Input noise = 0.85 nV/VHz max. 
input Capacitance = 35 pF max. 
Write current range = 10 mA to 40 mA 
Head voltage swing = 7 Vpp 
Write current rise time = 9 ns 
e Enhanced system write to read recovery time 


¢ Power supply fault protection 

¢ Plug compatible to the SSI 32R501 & SSI 32R511 

¢ Compatible with two & three terminal thin film heads 
¢ Write unsafe detection 

¢ +5V, +12V power supplies 

¢ Mirror image pinout option 


PIN DIAGRAM 


HOX 
HOY 
H1X 
H1Y 
H2Xx 
H1X H2Y 
H3X 
H3Y 
nes HaX 
Hay H4Y 
on HBX 
H5Y 
H6X 
H6Y 
H7X 
H7Y 


o on Oo NH & O NMP — 
o oa nn Dm ONO F&F WD HP = 


32-LEAD SOW 32-LEAD SOW 
gee MIRROR 


CAUTION: Use handling procedures necessary | 
for a static sensitive component. 
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SSI 32R512/512R © 
8 & 9-Channel Thin Film 
Read/Write Device 


CIRCUIT OPERATION 


| The SSI 32R512 addresses up to nine two-terminal 


thin film heads providing write drive or read amplifica- 


tion. Head selection and mode control is accomplished 
with pins HSn, CS and R/W, as shown in Tables 1 & 2. 
Internal resistor pullups, provided on pins CS and R/W 
will force the device into a non-writing condition if either 
control line is opened accidentally. 


WRITE MODE 


The write mode configures the SSI 32R512 as a 
Current switch and activates the Write Unsafe (WUS) 
detection circuitry. Write current is toggled between 
the X and Y direction of the selected head on each high 
to low transition on pin WDI, Write Data Input. 


A preceding read operation initializes the Write Data 
Flip Flop (WDFF) to pass write current in the X- 
direction of the head. 


The magnitude of the write current (0-pk) given by: 
Ww = Wwe. 
RWC 


where Vwc (WC pin voltage) = 1.65V + 5%, is pro- 
grammed by an external resistor RWC, connected 
from pin WC to ground. In multiple device applications, 
a single RWC resistor may be made common to all 
devices. The actual head current Ix, y is given by: 


x,y We 
1+Rh/Rd 
where: 
Rh = head resistance + external wire resistance, and 
Rd = damping resistance. 


Power supply fault protection improves data security 
by disabling the write current generator during a volt- 
age fault or power supply sequencing. Additionally, the 
write unsafe detection circuitry will flag any of the 
conditions listed below as a high level on the open 
collector output pin, WUS. Two negative transitions on 
_ pin WDI, after the fault is corrected, are required to 
clear the WUS flag. 


¢ Device in read mode 
¢ No write current 


* WDI frequency too low 
¢ Device not selected 


Power dissipation in Write Mode may be reduced by 
placing a resistor, Rw, between VDD1 and VDD2. The 


r 
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resistor value should be chosen such that lw Rw<3.0V 
for an accompanying reduction of (lw)? Rw in power 
dissipation. If a resistor is not used, VDD2 should be 
connected to VDD1. Note that Rw will also provide 
current limiting in the event of a. head ei 


READ MODE 


The read mode configures the SSI 32R512 as a low 
noise differential amplifier and deactivates the write 
current generator and write unsafe detection Circuitry. 
The RDX and RDY outputs are emitter followers and 
are in phase with the "X" and "Y" head ports. These 
outputs should be AC coupled to the load. The RDX, 
RDY common mode voltage is maintained in the write 
mode, minimizing the transient between write mode 
and read mode, substantially reducing the write to read 
recovery time in the subsequent Pulse Detection cir- 
Cuitry. 


IDLE MODE 


- The idle mode deactivates the internal write current 


generator, the write unsafe detector and switches the 
RDX, RDY outputs into a high impedance state. This 
facilitates multiple device applications by enabling the 
read outputs to be wire OR’ed and the write current 
programming resistor to be common to all devices. 


TABLE 1: Mode Select 


0 = Low level 


1 = High level 
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SSI 32R512/512R 
8 & 9-Channel Thin Film 
Read/Write Device 


PIN DESCRIPTIONS 
cS 


HOX - H8X 
HOY - H8Y 


RDX, RDY 


“When more than one R/W device is used, these signals can be wire OR’ed. 


ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


es 
°C 
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SSI 32R512/512R 
8 & 9-Channel Thin Film 
_. _—Read/Write Device 


RECOMMENDED OPERATING CONDITIONS 


PARAMETER | _ SYMBOL VALUE =| ~UNITS” | 


DC Supply Voltage voD1 12+ 10% 
VDD2 VDD1 - 3.0 to VDD1 
5+ 10% | voc | 


DC 
| DC 
| DC 


DC CHARACTERISTICS | 
Unless otherwise specified, recommended operating conditions apply. 


PARAMETER | CONDITIONS : 


VDD1 Supply Current Read Mode 


Idle Mode 


VDD2 Supply Current 
VCC Supply Current 
Power Dissipation (Tj = +135°C) 


Write Mode: lw = 20 mA, 
VDD2 = VDD1 


Write Mode: lw = 40 mA, 
VDD1 - VDD2 = 3.0V 


[Input Low Vottage(vily | 
| Input High Voltage (VK) | 


|VODFauitVotage =| 

|VeCFautvotage | 

Head Current (HnX, HnyY) | | 
0<VDD1<8.5V — 

Read/Idie Mode — 


0< VCC < 5.5V 
0 < VDD1 < 13.2V 
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SSI 32R512/512R 
8 & 9-Channel Thin Film 
Read/Write Device 


WRITE CHARACTERISTICS 
Unless otherwise specified, recommended operating conditions apply, lw = 20 mA, Lh = 1.0 nH, Rh = 30Q 
and f(WDI!) = 5 MHz. 


ranaweren —[conomons Twn [nom [wa 
|wePinVotage(vwe) | dt 87 | t65 | 878 
| Differential Head Voltage Swing | | f= Vip 
|UnselectedHead Current =| Tt | mip 
Differential Output Capacitance | tC | 8 
Differential Output Resistance | 32R512R ~=6——(isé‘té~*éd:«é8t0-: ||: 1000 | 1350 | 
ee a a a 
| WD! Transition Frequency | WUS=low | 7 | | Me 
pio f - | [im 


READ CHARACTERISTICS 
Unless otherwise specified, recommended operating conditions apply CL (RDX, RDY) < 20pF and 
RL (RDX,RDY) = 1 kQ. 


PARAMETER CONDITIONS 
Differential Voltage Gain Vin=1mVpp @ 300 kHz 


Bandwidth | -1dB | |Zs[<5O, Vin=1 mVpp @ 300 kHz 
Zs|<5Q, Vin=1 mVpp @ 300 kHz 
Input Noise Voltage BW = 15 MHz, Lh=0, Rh=0 


Differential Input Capacitance Vin = 1 mVpp, f = 5 MHz 
Differential Input | 32R512R | Vin=1mVpp, f = 5 MHz 
Resistance 32R512 | Vin=1mVpp, f = 5 MHz 


DC input voltage where gain 


Dynamic Range 
Vin = 


falls to 90% of its 0 VDC value, 
in = VDC +0.5 mVpp, f = 5 MHz 
Common Mode Rejection Ratio Vin = 0 VDC+100 mVpp @ 5 MHz 


| Power Supply Rejection Ratio 100 mVpp @ 5 MHz on VDD1 
| 100 mVpp @ 5 MHz on VCC 


Channel Separation Unselected channels driven 
with 100 mVpp @ 5 MHz, 
Vin = 0 mVpp 

Output Offset Voltage iat eee ee 
RDX, RDY Common Mode Read Mode 

Output Voltage Write Mode 

Single Ended Output Resistance | f=5MHz2 
Output Current AC Coupled Load, RDX to RDY 3.2 


Ww 
oO © 
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SSI 32R512/512R 
8 & 9-Channel Thin Film 
Read/Write Device 


SSWITCHING CHARACTERISTICS (See Figure 1) _ | 
Unless otherwise specified, recommended operating conditions apply, lw = 20 mA, Lh=1.0 wH, Rh = 30Q 
and f (WDI) = 5 MHz. | 


PARAMETER CONDITIONS _ | MIN: | MAX UNITS 
RW | 


R/W to Write Mode Delay to 90% of write current | - | o6 | ps | 


R/W to Read Mode Delay to 90% of 100 mV 10 MHz il il 


Read signal envelope or to 90% 
decay of write current 


— 


CS 
CS to Select Delay to 90% of write current or to us 
90% of 100mV 10MHz Read | 
| signal envelope 

CS to Unselect Delay to 90% of write current r - | 06 | ps | 
HSn | 

HSO,1,2toanyHead Delay to 90% of 100 mV 10 MHz p= | Oe 

Read signal envelope 

WUS | | 


UnsafetoSafe-TD2 


Head Current 


____ Prop. Delay - TD3 | From 50% points, Lh=Ouh, Rh=00 | - 
Asymmetry WDI has 50% duty cycle and 
7 1ns rise/fall time, Lh=Ouh, Rh=00 
Rise/Fall Time 10% -90% points, Lh=Ouh,Rh=00|  - | 9 | ns | 


HEAD 


CURRENT 
(Ix- ly) 


FIGURE 1: Write Mode Timing Diagram 
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SSI 32R512/512R 
8 & 9-Channel Thin Film 
Read/Write Device 


APPLICATIONS INFORMATION 


The specifications, provided in the data section, account for the worst case values of each parameter taken 
individually. In actual operation, the effects of worst case conditions on many parameters correlate. Tables 3 & 
4 demonstrate this for several key parameters. Notice that under the conditions of worst case input noise, the 
higher read back signal resulting from the higher input impedance can compensate for the higher input noise. 
Accounting for this correlation in your analysis will be more representative of actual performance. 


TABLE 3: Key Parameters Under Worst Case Input Noise Conditions 


PARAMETER Tj=25°C | Tj=135°C UNITS 
Input Noise Voltage (Max. ee 


Differential Input Resistance (Min.) | 539 
| sensiz2_ | 1200 | _ 1500 
a 


— 


Differential Input Capacitance (Max. F 


TABLE 4: Key Parameters Under Worst Case Input Impedance Conditions 


UNITS 
0 
| Differential Input Resistance (Min.) | sorsi2k | 301 «| 458 | 
| sensi2 | os | ts] 
[Differential nput Capacitance (Max) | 83 | 858] 
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SSI 32R512/512R 


8 & 9-Channel Thin Film 
_. Read/Write Device 


PACKAGE PIN DESIGNATIONS (Top View) 


HOX 
HOY 
H1X 
H1Y 
H2X 
H2Y 
H3X 
H3Y 
H4X 
H4Y 
H5X 
H5Y 
H6X 
H6Y 
H7X 
H7Y 


—_ 


2 
—" 
4 
5 
6 
Aw, 
8 
9 


8-Channel 
32-Lead SOW 


9-Channel 
34-Lead SOL 


a 


; 2 
3 
4 
5 
6 
7 
8 
9 


8-Channel 
32-Lead SOW 
Mirror 


9-Channel 
34-Lead SOL 
Mirror 


HOX 
HOY 
H1X 
H1Y 
H2X 
H2Y 
H3X 
H3Y 
H4Xx 
H4Y 
H5X 
H5Y 
H6X 
H6Y 
H7X 
H7Y 
N/C 
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SSI 32R512/512R 
8 & 9-Channel Thin Film 
Read/Write Device 


THERMAL CHARACTERISTICS: Oja 


32-Lead SOW 55°C/W 
34-Lead SOL 60°C/W 


ORDERING INFORMATION 


PART DESCRIPTION ORDER NO. /PKG.MARK 
32R512-8CW 32R512-8CW 


32R512-9CL 32R512-9CL 


8-Channel SOW 32R512R-8CW 32R512R-8CW 
9-Channel SOL 32R512R-9CL 32R512R-9CL 


32R512M-8CW 32R512M-8CW 
9-Channel SOL 32R512M-9CL 32R512M-9CL 


32R512RM-8CW 32R512RM-8CW 
32R512RM-9CL 32R512RM-9CL 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data sheet 
is current before placing orders. 
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Notes: 


f SSI 32R5121/5121R 
ston es . 14-Channel Thin Film 


A TDK Group f Company Read/Write Device 
| Advance Information | information 


November 1991 
DESCRIPTION FEATURES 


The SSI 32R5121/5121R Read/Write devices are bi- © High performance: 

polar monolithic integrated circuits designed for use Read mode gain = 250 V/V 

with two terminal thin film recording heads. They pro- Input nolse = 0.85 nV/VHz max 

vide a low noise read amplifier, write current control Input capacitance = 35 pF max 

and data protection circuitry for up to 14 channels. Write current range = 10 mA to 40 mA 
Power supply fault protection is provided by disabling Head voltage swing = 7 Vpp 

the write current generator during power sequencing. Write current rise time = 9ns 


System write to read recovery time is significantly 

improved by controlling the read channel common * Enhanced system write to read recovery time 

mode output voltage shift in the write mode. They ° Power supply fault protection 

feu aamate rh = ack page ae oe peal © Compatible with two & three terminal thin film heads 
SSI 32R512R option provides internal 180Q damping ° Write unsafe detection 


resistors. © +5V, +12V power supplies 


BLOCK DIAGRAM PIN DIAGRAM 


vb01 vcc GNO wus vOD2 


H13X 
H13Y 
Hox 
HOY 
H1X 
H1Y 
H2x 
H2Y 
H3Xx 
H3Y 
Hax 
Hay 
H5X 
H5Y 
Hex 
H6Y 
H7X 
H7Y 
Hex 
H8Y 
HOX 
HOY 


1 
2 
3 
4 
5 
6 
: 7 
MULTIPLEXER |: 8 
9 


44-LEAD SOM 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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SSI 32R5121/5121R © 
14-Channel Thin Film 
Read/Write Device 


CIRCUIT OPERATION 


The SSI32R5121 addresses up to 14 two-terminal thin 
film heads providing write drive or read amplification. 
Head selection and mode control is accomplished with 
pins HSn, CS and R/W, as shown in Tables 1 & 2. 
Internal resistor pullups, provided on pins CS and R/W 
will force the device into a non-writing condition if either 
control line is opened accidentally. 


WRITE MODE 


The write mode configures the SSI 32R5121 as a 
current switch and activates the Write Unsafe (WUS) 
detection circuitry. Write current is toggled between the 
X and Y direction of the selected head on each high to 
low transition on pin WDI, Write Data Input. 


A preceding read operation initializes the Write Data 
Flip Flop (WDFF) to pass write current in the X- 
direction of the head, i.e., into the X-port. 


The magnitude of the write current (0-pk) given by: 
Ww =_Vvwe 
RWC 
where Vwc (WC pin voltage) = 1.65V + 5%, is pro- 
grammed by an external resistor RWC, connected 
from pin WC to ground. In multiple device applications, 


a single RWC resistor may be made common to all _ 


devices. The actual head current Ix, y is given by: 


Ix, y - WwW _ 
1+RhRd 
where: 
Rh = head resistance + external wire resistance, and 
Rd = damping resistance. 


Power supply fault protection improves data security 
by disabling the write current generator during a vott- 
age fault or power supply sequencing. Additionally, the 
write unsafe ‘detection circuitry will flag any of the 
conditions listed below as a high level on the open 
collector output pin, WUS. Two negative transitions on 
pin WDI, after the fault is corrected, are required to 
clear the WUS flag. 


¢ WDI frequency too low 
¢ Device not selected 
¢ Open head 


¢ No write current 


Power dissipation in Write Mode may be reduced by 
placing a resistor, Rw, between VDD1 and VDD2. The 


« Device in read mode | 


1-22 


_ resistor value should be chosen such that lw Rw <3.0V 


for an accompanying reduction of (lw)? Rw in power 
dissipation. If a resistor is not used, VDD2 should be 
connected to VDD1. Note that Rw will also provide 
current limiting in the event of a head short. 


READ MODE 


The read mode configures the SSI 32R5121 as a low 
noise differential amplifier and deactivates the write 
current generator and write unsafe detection circuitry. 
The RDX and RDY outputs are emitter followers and 
are in phase with the "X" and "Y" head ports. These 
outputs should be AC coupled to the load. The RDX, 
RDY common mode voltage is maintained at the write 
mode valve, minimizing the transient between write 
mode and read mode, substantially reducing the write 
to read recovery time in the subsequent Pulse De- 
tection Circuitry. 


IDLE MODE 


The idle mode deactivates the internal write current 
generator, the write unsafe detector and switches the 
RDX, RDY outputs into a high impedance state. This 
facilitates multiple device applications by enabling the 
read outputs to be wire OR’ed and the write current 
programming resistor to be common to all devices. 


TABLE 1: Mode Select 
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SSI 32R5121/5121R 
14-Channel Thin Film 
Read/Write Device 


PIN DESCRIPTION 


DESCRIPTION 

Head Select 

Chip Select: a low level enables the device 
Read/Write: a high level selects Read mode 


Write Unsafe: Open collector output, a high level indicates an unsafe writing 
condition 


Write Data In: a negative transition toggles the direction of the head current 


HOX - H13X X, Y Head Connections: Current in the X-direction flows into the X-port 
HOY - H13Y 


X, Y Read Data: differential read data output 
Write Current: used to set the magnitude of the write current 
+5V Logic Circuit Supply 


Positive Power Supply for Write current drivers 


Ground 


“When more than one R/W device is used, these signals can be wire OR’ed. 


ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER SYMBOL VALUE UNITS 
DC Supply Voltage VDD1, 2 -0.3 to +14 
-0.3 to +7 


ee eae 
Sree — 


Storage Temperature 


1191 - rev. 1-23 


SSI 32R5121/5121R 
14-Channel Thin Film 
Read/Write Device 


RECOMMENDED OPERATING CONDITIONS 


PARAMETER SYMBOL | VALUE 


a 
ee er 


UNITS 


DC Supply Voltage 


DC CHARACTERISTICS 
Unless otherwise specified, recommended operating conditions apply. 


PARAMETER 


VDD1 Supply Current 


VDD2 Supply Current Read Mode 
Write Mode 

Idle Mode 
+ VCC Supply Current medd Mode 


Power Dissipation (Tj = +135°C) Read Mode 
Write Mode: lw = 20 mA, 
VDD2 = VDD1 
Write Mode: lw = 40 mA, - 
VDD1 - VDD2 = 3.0V 


VDD Fault Voltage 
VCC Fault Voltage 


Head Current (HnX, HnY) Write Mode, 
| " 0< VCC <3.5V 
0<VDD1<8.5V 


Read/idle Mode, 
0< VCC < 5.5V 
0 < VDD1 <13.2V 


S 


<|<i< < 
3 
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SSI 32R5121/5121R 
14-Channel Thin Film 
Read/Write Device 


WRITE CHARACTERISTICS 


Unless otherwise specified, recommended operating conditions apply, lw = 20 mA, Lh = 500 nH, Rh = 30Q 
and f(WDI) = 5 MHz. 


co 

WC Pin Voltage (Vw) | ee ee 

Differential Head Voltage Swing | wW=40mA | 7 | | - Vp 
ae eae 
| 180 


Unselected Head Current eae 
Differential Output Capacitance ae ie 


se 
Differential Output Resistance 32R5121R 180 | 220 | Q | 
rsensia1 SCT aK | CT CT 
17 | - | - | Mee 


READ CHARACTERISTICS 


Unless otherwise specified, recommended operating conditions apply CL (RDX, RDY) < 20pF and 
~ RL (RDX,RDY) = 1 kQ. 


(Zs|<5Q, Vin=1 mVpp @ 300 kHz 
|[Zs]<5Q, Vin=1 mVpp @ 300 kHz | 27 | 


Peak-to-peak AC input voltage 
where gain falls to 90% of its 
small signal value, f = 5 MHz 


Unselected channels driven 45 
with 100 mVpp @ 5 MHz, 
Vin = 0 mVpp 


Read Mode 
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SSI 32R5121/5121R 
14-Channel Thin Film 
Read/Write Device 


SWITCHING CHARACTERISTICS (See Figure 1) on | 
Unless otherwise specified, recommended operating conditions apply, lw = 20 mA, Lh=500 nH, Rh = 30Q 
and f(WDI) = 5 MHz. | 


PARAMETER CONDITIONS | MIN) | MAX | UNITS 


R/W to Write Mode Delay to 90% of write current | - [| o6 | ps | 
R/W to Read Mode Delay to 90% of 100mV 10MHz - 0.6 us 


Read signal envelope or to 90% 
decay of write current 


Write Current 
| WC Tum-onTime | Lr =300,Lh=tpH,w=20mA | | 320 | ns 
| WC Tum-offTime =| Lr =30Q,Lh=tpHw=20mA | | 160 | ns 
Delay to 90% of write current or to ie el tal 
90% of 100mV 10MHz Read 
: ' | signal envelope 
| _CStounselect =| ~Delayto90%ofwritecurrent | - | 06 | ps | 


HSO,1,2to anyHead Delay to 90 % of 100mV 10MHz us 
Read signal envelope 
WUS | 


| SafetoUnsafe-Tb1 | | 8 | 
| UnsafetoSafe-To2 ft ts 


Head Current 


Prop. Delay - TD3 From 50 % points, Lh=Ouh, Rh=0Q 


Asymmetry WDI has 50 % duty cycle and Seis 
| ins rise/fall time, Lh=Ouh, Rh=0Q 


ise/Fall Time 10% - 90% points, Lh=Ouh, Rh=02 


CURRENT 
(Ix - ly ) 


FIGURE 1: Write Mode Timing Diagram 
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SSI 32R5121/5121R 
14-Channel Thin Film 
Read/Write Device 


APPLICATIONS INFORMATION 


The specifications, provided in the data section, account for the worst case values of each parameter taken 
individually. In actual operation, the effects of worst case conditions on many parameters correlate. Tables 3 & 
4 demonstrate this for several key parameters. Notice that under the conditions of worst case input noise, the 
higher read back signal resulting from the higher input impedance can compensate for the higher input noise. 
Accounting for this correlation in your analysis will be more representative of actual performance. 


TABLE 3: Key Parameters Under Worst Case Input Noise Conditions 


PARAMETER 
Input Noise Voltage (Max.) | 0.70 | 085 nV/VHz 
Differential Input Resistance (Min.) 185 
aa 


Differential Input Capacitance (Max.) eee ot 34 


TABLE 4: Key Parameters Under Worst Case Input Impedance Conditions 


PARAMETER _ Tj = 25°C 
1 


— 
OT 
Oo 
) 


UNITS | 


T= 
et et ee 
Differential Input Resistance (Min. 
ee ee 

35 


32R5121 
ee ee 


Differential Input Capacitance (Max.) 
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SSI 32R5121/5121R 
14-Channel Thin Film 
Read/Write Device 


PACKAGE PIN DESIGNATIONS THERMAL CHARACTERISTICS: ja 
(Top View) | 


44-Lead SOL 50°C/W 


mPLC 


H13X 
H13Y¥ 
HOX 
HOY 
H1X 
H1Y 
H2Xx 
H2Y 
H3X 
H3Y 
H4X 
H4y 

_ H&X 
H5Y 
H6X 
H6Y 
H7X 
H7Y 
H8X 
H8Y 
H9X 
HOY 


HIY 
H1X 
HOY 
HOX 
H13Y 
H13X 
H12Y 
H12X 
GND 
HS3 
cs 


1 
2 
3 
4 
5 
6 
7 
8 
9 


SS! 32R5121 - 14CH 


F 8 6 € 8 S 8 
tf =: 


H11X 
H11Y 
vDD2 
VDD1 


44-Pin SOM 44-Pin PLCC 


Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for 
final design. 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 
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SSI 32R516/516R 
4, 6, 8-Channel Ferrite/MIG 
Read/Write Device 


dll TDK NS sts 


Preliminary Data 


November 1991 
DESCRIPTION FEATURES 
The SS! 32R516 is a bipolar monolithic integrated © High performance 
circuit designed for use with a center-tapped ferrite or Read m ain = 120 V/V 
MIG recording heads. The SSI 32R516 offers the Fat oe : 1.3 nV/VHz maximum 
performance upgrades of the SSI 32R511 along with Input capacitance = 18 pF 
improved head port characteristics and increased Write current range = 10 mA to 60 mA 


read gain. It provides a low noise read path, write = Enh d ti 
current control, and data protection circuitry for as a aa ace cd al 


many as 8 channels. The SSI 32R516 requires +5V ¢ Power supply fault protection 

and +12V power supplies and is available in a variety ° Pin compatible with the SSI 32R501 & 

of packages. SSI 32R511 

The SSI 32R516R performs the same function as the * Designed for center-tapped ferrite or MIG heads 
SSI 32R516 with the addition of internal 650Q ¢ Programmable write current source 


damping resistors. The SS! 32R516M and SSI ¢ Easily multiplexed for larger systems 
32R516RM are functionally equivalent to the ‘ 

SSI 32R516 and SSI 32R516R however, they have Includes write unsafe detection 

the mirror image pin arrangement to simplify layout ¢ TTL compatible control signals 


when using multiple devices. ° +5V, +12V power supplies 
e¢ Mirror image pin arrangements 


BLOCK DIAGRAM | PIN DIAGRAM 


VDD1 Vcc GND WUS vDD2 ~VCT 


MULTIPLEXER 


WDI 7} 


| VOLTAGE 
| FAULT 
| DETECTOR 


32-LEAD SOW 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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SSI 32R516/516R 
4, 6, 8-Channel Ferrite/MIG 
| Read/Write Device 


CIRCUIT OPERATION 


The SSI 32R516 gives the user the ability to address up 
to 8 center-tapped ferrite heads and provide write drive 
orread amplification. Head selection and mode control 
is accomplished using the HSn, CS and R/W inputs as 
shown in tables 1 & 2. Internal pullups are provided for 
the CS & R/W inputs to force the device into a non- 
writing condition if either control line is opened acciden- 


tally. 


TABLE 1: Mode Select 


0=Lowlevel 1 = High level 


WRITE MODE 


Taking both CS.and R/W low selects write mode which 
configures the SSI 32R516 as a current switch and 
activates the Write Unsafe (WUS) detector circuitry. 
Write current is toggled between the X and Y side of the 
selected head on each high to low transition of the 
Write Data Input (WDI). Note that a preceding read 
mode selection initializes the Write Data Flip-Flop, 
WDFF, to pass write current through the “X” side of the 
head. The zero-peak write current magnitude is pro- 
grammed by an external resistor Rwc from pin WC to 
GND and is given by: 


iw = K/Rwc, where K = Write Current Constant 


The Write Unsafe detection circuitry monitors voltage 
transitions at the selected head connections and flags 
any of the following conditions as a high level on the 
Write Unsafe open collector output: 


e« Head open ¢« Head center tap open © 
¢ WDI frequency too low «+ Device in read mode 
¢ Device not selected ¢ No write current 


Two negative transitions 
corrected, will clear the V 


on WDI, after the fault is 
VUS | 

To further assure data security a voltage fault detection 
circuit prevents application of write current during 
power loss or power sequencing. 


To enhance write to read recovery time the change in 
RDX, RDY common mode voltage is minimized by 
biasing these outputs to a level within the read mode 
range when in write mode. 


Power dissipation in write mode may be reduced by 
placing a resistor (RCT) between VDD1 & VDD2. The 
optimum resistor value is 82Q x 60/Iw (Iwin mA). Atlow 
write currents (<15 mA) read mode dissipation is 
higher than write mode and RCT, though recom- 
mended, may not be considered necessary. In this 
case VDD2 is connected directly to VDD1. 


READ MODE 


Taking CS low and R/W high selects read mode which 
configures the SSI 32R516 as a low noise differential 
amplifier for the selected head. The RDX and RDY 
outputs are driven by emitter followers and are in phase 
with the “X” and “Y” head ports. These outputs should 
be AC coupled to the load. The internal write current 
source is gated off in read mode eliminating the need 
for any external gating. 


Read mode selection also initializes the Write Data 
Flip-Flop (WDFF) to pass write current through the “X” 
side of the head at a subsequent write mode selection. 


IDLE MODE 


Taking CS high selects the idle mode which switches 
the RDX, RDY outputs into a high impedance state and 
deactivates the internal write current source. This 
facilitates multi-device installations by allowing the 
read outputs to be wire OR’ed and the write current 
programming resistor to be common to all devices. 


1191 - rev. 


SSI 32R516/516R 
4, 6, 8-Channel Ferrite/MIG 
Read/Write Device 


, 


PIN DESCRIPTIONS 


pname | wo __| DescripTion 


| HSO-HS2 Head Select 
Chip Select: a low level enables device 
R/W 


fed Read/Write: a high level selects read mode 
wus | O* | Write Unsafe: a high level indicates an unsafe writing condition 


Write Data In: negative transition toggles direction of head current 


X,Y head connections 


X, Y Read Data: differential read signal out 


i Write Current: used to set the magnitude of the write current 
VCT aa Voltage Center Tap: voltage source for head center tap 


Positive power supply for the center tap voltage source 


“When more than one R/W device is used, these signals can be wire OR’ed. 


ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS (All voltages referenced to GND. Currents into device are positive.) 


PARAMETER VALUE 


OC Supply Votag voo: 


V 


Digital Input Voltage Range VIN -0.3 to VCC + 0.3 


vet ouput Curent Ser | SCSS*~“~*é‘dSC“‘CéACSCS*SCS™ 
Storage Temperature Range Taig | 50150 | 


Lead Temperature PDIP, Flat Pack 

_(10 sec Soldering) 260 °C 
Package Temperature PLCC, SO 
20 sec Reflow) °C 
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SSI 32R516/516R 
4, 6, 8-Channel Ferrite/MIG 
Read/Write Device 


RECOMMENDED OPERATION CONDITIONS 


‘oo sinpy vote voor | 
[De Supyvotage veo 
[Hesdinoudarce tf 
Damping Resistor RD | 32R516 only 

frorResisor eT | meooma |S | 
= 
[uncon Tenperawre ange TT 


*For lw = 60 mA. At other tw levels refer to Applications Information that follows this specification. 


DC CHARACTERISTICS 
(Unless otherwise specified, recommended operating conditions apply.) 


POWER SUPPLY 


PARAMETER | ~~ | CONDITIONS | 
VCC Supply Current | Read/Idle Mode | 
VDD Supply Current | Idle Mode | 
(sum of VDD1 and VDD2) Read Mode | 


Write Mode 
Power Dissipation (Tj = +125°C) Idle Mode 
Read Mode 


Write Mode, IW = 45 mA, 


RCT = 0Q 


Write Mode, IW = 45 mA, 
RCT = 110Q | 


Write Mode, IW = 60 mA 
RCT = 82Q 
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SSI 32R516/516R 
4, 6, 8-Channel Ferrite/MIG 
Read/Write Device 


DC CHARACTERISTICS (continued) 


DIGITAL I/O 


PARAMETER 


CONDITIONS 
V Input Low Voltage 

V 

V 


IL 
IH i 
OL = 
IOH i 


WUS Output Low Voltage lIOL = 8 mA 
WUS Output High Current VOH = 5.0V 


WRITE MODE 


Center Tap Voltage VCT | Write Mode 


Head Current (per side) Write Mode, 

0< VCC <3.7V, 

0<VDD1<8.7V 
Write Current Range be ete ere IO a | 
Write Current Constant “K” IW = 10-45 mA 2.375 lhe a! 


0 
Write Current Constant “K” IW = 45-60 mA 


| Unselected Head Leakage Current Eee 


RDX, RDY Output Offset Voltage Write/Idle Mode | 20 | 
RDX, RDY Common Mode Write/Idle Mode _ 
Output Voltage 
RDX, RDY Leakage RDX, RDY = 6V -100 

Write/Idle Mode 


0 
} 


Read or Idle Mode 
0<VCC <5.5V 
0<VDD1 < 13.2V 


| Head Current (per side) 


Input Bias Current (per side) 


Input Offset Voltage Read Mode 
Common Mode Output Voltage Read Mode 55 | 65 | VDC 
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SSI 32R516/516R 
4, 6, 8-Channel Ferrite/MIG 
Read/Write Device 


DYNAMIC CHARACTERISTICS AND TIMING | | | 
(Unless otherwise specified, recommended operating conditions apply and IW = 35 mA, Lh = 5 pH, 
Rd = 750Q (32R516) only, f(WDI) = 5 MHz, CL(RDX, RDY) < 35 pF.) 


WRITE MODE 


PARAMETER CONDITIONS 


. = 
Oo 
= 


a eB 


Unseiected Head Transient Current 


Differential Head Voltage Swing ae 


— 

© 

A 
a 
o1 
To 

Ps 


7.0 
430 


ale 
nN 
On 
x 
a 
N 


WDI Transition Frequency WUS = low 


Differential Output Resistance 32R516_ | 
32R516R 


READ MODE 


Differential Voltage Gain Vin = 1 mVpp @ 300 kHz, 
RL(RDX), RL(RDY) 

= 1KQ 
AC Input Voltage, Vi, 
Where Gain Falls 

by 10%. V +f = 300 KHz 


Bandwidth (-3dB) IZs| < 5Q, Vin = 1 mVpp 30 


Input Noise Voltage BW = 15 MHz, 
Lh=0, Rh=0 


Differential Input Capacitance f = 5 MHz | 
Differential Input Resistance 32R516, f = 5 MHz 
Differential Input Resistance 32R516R,f=5MHZ © 


Common Mode Rejection Ratio Vem = VCT + 100 mVpp 
Zz @ 5 MHz 
Power Supply Rejection Ratio 100 mVpp @ 5 MHz on 
VDD1, VDD2 or VCC 


Dynamic Range 


2K 
350 
45 


Channel Separation Unselected Channels: 
Vin=100 mVpp @ 5 MHz; 


Selected Channel: 
Vin = 0 mVpp 


Single Ended Output Resistance f =5 MHz 


Output Current | AC Coupled Load, +2.1 


RDX to RDY 
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SSI 32R516/516R 
4, 6, 8-Channel Ferrite/MIG 
Read/Write Device 


DYNAMIC CHARACTERISTICS AND TIMING (continued) 


SWITCHING CHARACTERISTICS 

PARAMETER CONDITIONS 

R/W To Write Delay to 90% of 
Write Current 


R/W to Read Delay to 90% of 
100 mV, 10 MHz Read 
Signal Envelope or 
to 90% decay of 
Write Current 


CS to Select Delay to 90% of Write 
Current or to 90% of 
100 mV, 10 MHz Read 
Signal Envelope 


CS to Unselect Delay to 90% Decay 
of Write Current 


HSO - HS2 to any head Delay to 90% of 100 mV, 
10 MHz Read Signal 
Envelope 


| WUS, Safe to Unsafe - TD1 lw =35 mA 1.6 
WUS, Unsafe to Safe - TD2 lw = 35 mA 


Head Current (Lh = 0 WH, Rh = 0Q) 


Prop. Delay - TD3 From 50% Points 
| Asymmetry WDI has 50% Duty Cycle 
| and 1ns Rise/Fall Time 


Rise/Fall Time 10% -90% Points 


15 


ND 
Ol 
—_- 


Ss ° . 


25 


| 


FIGURE 1: Write Mode Timing Diagram 
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SSI 32R516/516R 
4, 6, 8-Channel Ferrite/MIG 
Read/Write Device 


+5V +12V 


see Note 4 
100 pF 


a see Note 1 
0.1 nae 


vcoc vDDi VDD2 VCT 


MICROPROCESSOR WUS HOX 
HOY 
: H1X 

: RW 


suSPORT HIY 


mm 
c 
m 
E 
oR 
<x < 


3 
< 


son oy? SSI 32R516 
T RDX 


AGC 
AMPLIFIER 


ae? 
oi 
x - 


ai 
< 


SSI! 32P541 READ DATA PROCESSOR 


x 
2) 
x 


x 
oO 
< 


HSn 


see Note 5 


NOTES = 


1. Anexternal resistor, RCT, given by; RCT = 82 (60/tw) where Iw is the zero-peak write current in mA, 
can be used to limit internal power dissipation. Otherwise connect VDD2 to VDD1. 

2. Damping resistors not required on 32R516R versions. 

3. Limit DC current from RDX and RDY to 100 pA and load capacitance to 20 pF. In multi-chip application : 
these outputs can be wire-OR’ed. 

4. The power bypassing capacitor must be located close to the 32R516 with its grou nd returned directly 
to device ground, with as short a path as possible. 

5. To reduce ringing due to stray capacitance this resistor should be located close to the 32R516. Where } 
this is not desirable a series resistor can be used to buffer a long WC line. In multi-chip applications 
a single resistor common to all chips may be used. 


x 
2 


se 


= 


FIGURE 2: Applications Information 
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SSI 32R516/516R 
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PACKAGE PIN DESIGNATIONS (Top View) 


GND HOX 
N/C HOY . 
Oo = 2 8 Ak > 
Qa > oO w 
HIX Sz=32S S$ S$ £ 
WC H2x HS2 H5X 
RDY H2Y HS1 H4Y 
onee 32R516M-6/ 
RDX 32R516RM-6 22 |] H3X 
32R516R-6 6 HSO Ha 
6 2 HSO Channels 21 |] H3Y 32R516-6/32R516R-6 
Channels RDX 6 Channels H3Y 
HS1 20 [] H4x 
RDY H3X 
HS2 HAY 
WC H2Y 
vcc H5X 
RW H2X 
wo! wad 27 1 2 3 4 
16 |] wus VCT = et ae eae 
2  @ °2 f= xe = 
Aés2 65 5 ¢ 2 
15 |} VDD1 VDD2 0 < 
28-Lead PLCC 
28-Lead SOL 
Mirror Image 
GND GND HOX N/C 
NC NC HOY ts 
ts Cs H1X RAV 
RAW RW H1Y WC 
Te WC H2X RDY 
32R516-4/ 
RDY RDY H2Y need RDX 
4 
ROX RDX H3X eh role HSo 
32R516-8/ 32R516M-8/ 
32R516R-8 HSO HSO L| 8 35R516RM-8 H3Y HS1 
8 
Channels HS1 HS1 9 Channels H4Xx vec 
HS2 HsS2 [] 10 H4Y WD! 
VCC vec [1 11 H5X wus 
WDI wo! [| 12 H5Y VDD1 
wus wus [] 13 H6X 
VDD1 voo1 [| 14 HeY 24-Lead SOL 
vob2 vop2 [| 15 H7X 
VCT vet [] 16 H7Y 


32-Lead SOW | 32-Lead SOW 
Mirror Image 
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SSI 32R516/516R 


4, 6, 8-Channel Ferrite/MIG 


Read/Write Device 


PACKAGE PIN DESIGNATIONS (Continued) 


H4X 32R516-8/ 


32R516R-8 
10 8-Channels 


H4Y 
H5X 
H5Y 
H6X 
H6Y 
H7X 
H7Y 


VCT 


34-Lead SOL 


‘GND 


3 9 5 3 


vcc 


vDD1 


vVDD2 


32R516-8/ 
32R516R-8 
8-Channels 


34-Lead SOL 
Mirror Image 


THERMAL CHARACTERISTICS: ja 


Terese | so | evow 
28-lead 


PLCC 


60°C/W 


44-lead 
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SSI 32R516/516R 
4. 6, 8-Channel Ferrite/MIG 
Read/Write Device 


ORDERING INFORMATION 


32R516-6CL 

8-Channel SOW 32R516-8CW 
2R516-8CL 
32R516R-4CL 
32R516R-6CH 
32R516R-60L 
2R516R-8CW 
S25 16R-80L 
32R516M-6CL 
32R516M-8CW 
32R516M-8CL 


6-Channel SOL 32R516RM-6CL 32R516RM-6CL 
8-Channel SOW 32R516RM-8CW | 32R516RM-8CW 
8-Channel SOL 32R516RM-8CL | 32R516RM-8CL 


Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations and 
are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 
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SSI 32R5161R 


scones ° 410-Channel Ferrite/MIG 


A TDK Group f Company Read/ Write Device 
Preliminary Data 


November 1991 


DESCRIPTION FEATURES 


The SSI 32R5161R is a bipolar monolithic integrated e High performance 

Circuit designed for use with a center-tapped ferrite or Read mode gain = 150 V/V 

MIG recording heads. The SSI 32R5161R offers the Input noise : 1.3 nV/VHz maximum 
performance upgrades of the SSI 32R511 along with input capacitance = 18 pF 

improved head port characteristics and increased Write current range = 10 mA to 60 mA 


read gain. It provides a low noise read path, write 
current control, and data protection circuitry for as * Enhanced system write to read recovery time 


many as 10 channels. The SSI 32R5161R requires ¢ Power supply fault protection 
+5V and +12V power supplies and Is available ina =, Designed for center-tapped ferrite or MIG heads 
variety of packages. 

¢ Programmable write current source 

¢ Easily multiplexed for larger systems 

¢ Includes write unsafe detection 

¢ TTL compatible control signals 

¢ +5V,+12V power supplies 


BLOCK DIAGRAM PIN DIAGRAM 


VDD1 vCC GND wus VDD2 VCT 


WRITE aon a 

UNSAFE 
DETECTOR AL soy 
i H1X 
CS Pe moerea oe gee {] HY 
ROX - 
ney | MucTipLexer gee 
H3X 
H3Y 
- {] H4x 
Hay 
VOLTAGE |: = i 

FAULT |. : | { 
DETECTORT : | = 
HSO [] Sn Sine oe Prem : = 
on H6Y 
Hs2 a 
- 11 H7v 
Hs3 C) 


ene 36-LEAD SOM 


H9Y H9X H8Y H8X 
CAUTION: Use handling procedures necessary 
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SSI 32R5161R 
10-Channel Ferrite/MIG 
Read/Write Device 


CIRCUIT OPERATION 

The SSI 32R5161R gives the user the ability to address 
up to 10 center-tapped ferrite heads and provide write 
drive or read amplification. Head selection and mode 
control is accomplished using the HSn, CS and R/W 
inputs as shown in tables 1 & 2. Internal pullups are 
provided for the CS & R/W inputs to force the device 
into a non-writing condition if either control line is 
opened accidentally. 


TABLE 1: Mode Select 


0=Low level 1 = High level 


WRITE MODE 


Taking both CS and R/W low selects write mode which 
configures the SSI 32R5161R as a current switch and 
activates the Write Unsafe (WUS) detector circuitry. 
Write current is toggled between the X and Y side of the 
selected head on each high to low transition of the 
Write Data Input (WDi). Note that a preceding read 
mode selection initializes the Write Data Flip-Flop, 
WDFF, to pass write current through the “X” side of the 
head. The zero-peak write current magnitude is pro- 
grammed by an external resistor Rwc from pin WC to 
GND and is given by: 


lw = K/Rwe, where K = Write Current Constant 


1-42 


The Write Unsafe detection circuitry monitors voltage 
transitions at the selected head connections and flags 
any of the following conditions as a high level on the 
Write Unsafe open collector output: | 


* Head open ¢ Head center tap open 
¢ WDI frequency too low « Device in read mode 
¢ Device not selected ¢ No write current 


Two negative transitions on WDI, after the fault is 
correcied, will clear the WUS fiag. 


To further assure data security a voltage fault detection 
circuit prevents application of write current during 
power loss or power sequencing. 


To enhance write to read recovery time the change in 
RDX, RDY common mode voltage is minimized by 
biasing these outputs to a level within the read mode 
range when in write mode. 


Power dissipation in write mode may be reduced by 
placing a resistor (RCT) between VDD1 & VDD2. The 
optimum resistor value is 82Q x 60/Iw (Iwin mA). Atlow 
write currents (<15 mA) read mode dissipation is 
higher than write mode and RCT, though recom- 
mended, may not be considered necessary. In this 
case VDD2 is connected directly to VDD1. 


READ MODE 


Taking CS low and R/W high selects read mode which 
configures the SSI 32R5161R as a low noise differen- 
tial amplifier for the selected head. The RDX and RDY 
outputs are driven by emitterfollowers and are in phase 
with the “X” and “Y” head ports. These outputs should 
be AC coupled to the load. The internal write current 
source is gated off in read mode eliminating the need 
for any external gating. 


Read mode selection also initializes the Write Data 
Flip-Flop (WDFF) to pass write current through the “X” 
side of the head at a subsequent write mode selection. 


IDLE MODE 


Taking CS high selects the idle mode which switches 
the RDX, RDY outputs into a high impedance state and 
deactivates the internal write current source. This 
facilitates multi-device installations by allowing the 
read outputs to be wire OR’ed and the write current 
programming resistor to be common to all devices. 
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SSI 32R5161R 
10-Channel Ferrite/MIG 
Read/Write Device 


PIN DESCRIPTION 


HS0-HS2 


/0 


DESCRIPTION 


Head Select 


a 
— 
a can 
ws | 
wor ft 
HOY-H7Y 
rrox.noy | O° | XV Read Data: diferenalvoadsignalout 
Pwo |__| Wete Curent used setthe magnitude ofthe wite curent 
/ =| Wotage Center Tap vatage source forheadcentertap 
fw ——OC‘S 
a 
=| Pestve power sippy forthe coriertapvetage source 
a 


“When more than one R/W device is used, these signals can be wire OR’ed. 


ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS (All voltages referenced to GND. Currents into device are positive.) 


PARAMETER VALUE 


DC Supply Voltage VDD1 -0.3 to +14 
OC Supply Voltage vec 


[Wie GurentZeroPeak SSW TS SSCdSSSSCAS 
[ver Output Curent er | SSS OSSC«S mA 


Lead Temperature PDIP, Flat Pack 

(10 sec Soldering) Cc 

Package Temperature PLCC, SO | 
(20 sec Reflow) °C 
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SSI 32R5161R 
10-Channel Ferrite/MIG 
Read/Write Device 


RECOMMENDED OPERATION CONDITIONS 


PARAMETER CONDITIONS 


Oc Supply Votage vob | 
[DC Suppyvorage eof 
FHesdinoudance th | 
| RCT Resistor RCT* 60 mA 

fwiecuen WL 


“For lw = 60 mA. At other Iw levels refer to Applications Information that follows this specification. 


DC CHARACTERISTICS 
(Unless otherwise specified, recommended operating conditions apply.) 


POWER SUPPLY 


PARAMETER ~ CONDITIONS 


VCC Supply Current Read/Idie Mode 


Write Mode 
VDD Supply Current |IdleMode 


Read Mode 


idle Mode 
| (sum of VDD1 and VDD2) 


Write Mode 


idle Mode 


Read Mode , 
Write Mode, IW = 45 mA, 
RCT = 0Q 


Write Mode, IW = 45 mA, 
RCT = 110Q 


Write Mode, IW = 60 mA 
RCT = 82Q 


Power Dissipation (Tj = +125°C) 
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SSI 32R5161R 
10-Channel Ferrite/MIG 
Read/Write Device 


DC CHARACTERISTICS (continued) 


DIGITAL I/O 


PARAMETER CONDITIONS 


VIL Input Low Voltage 


IL Input Low Current VIL = 0.8V 


IH Input High Current VIH = 2.0V 
VOL WUS Output Low Voltage lOL=8mA 


lIOH ~=WUS Output High Current VOH = 5.0V 


WRITE MODE 


Center Tap Voltage VCT | Write Mode 


Write Mode, 
0< VCC <3.7V, 
0<VDD1<8.7V 


Write Current Range Eke ee ee 


Write Current Constant “K” IW=10-45mA 


Write Current Constant “K” IW = 45-60 mA 


lwc to Head Current Gain Pes eee eel 
Unselected Head Leakage Current ee eee | 
RDX, RDY Output Offset Voltage Write/Idle Mode 


Write/Idle Mode 


RDX, RDY = 6V 
Write/Idle Mode 


Read or Idle Mode 
0< VCC <5.5V 
O0< VDD1 <13.2V 
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SSI 32R5161R 
10-Channel Ferrite/MIG 
Read/Write Device 


DYNAMIC CHARACTERISTICS AND TIMING 7 
(Unless otherwise specified, recommended operating conditions apply and IW = 35 mA, Lh = 5 nH, 


f{(WDI) = 5 MHz, CL(RDX, RDY) < 35 pF.) 

PARAMETER CONDITIONS 

Differential Head Voltage Swing Gd 
Unselected Head Transient Current Be ee 


WRITE MODE 


Differential Output Capacitance 
Differential Output Resistance 
WDI Transition Frequency 


WUS = low 


READ MODE 


Differential Voltage Gain Vin = 1 mVpp @ 300 kHz, 
RL(RDX), RL(RDY) 
=1KQ— 
Dynamic Range AC Input Voltage, Vi, . 4 
| Where Gain Falls | 
by 10%. V +f = 300 KHz 


Bandwidth (-3dB) 


Input Noise Voltage | BW=15MHz, 
Lh=0, Rh=0 


f = 5 MHz 
—32R5161R, f = 5 MHz 


Tb 


Vem = VCT + 100 mVpp 
@ 5 MHz 
Power Supply Rejection Ratio 100 mVpp @ 5 MHz on 
| VDD1, VDD2 or VCC 


Unselected Channels: 
Vin=100 mVpp @ 5 MHz; 
Selected Channel: 

Vin = 0 mVpp 


Single Ended Output Resistance f=5MHz 
Output Current AC Coupled Load +2.1 
| | RDX to RDY 


3 
> 
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SSI 32R5161R 
10-Channel Ferrite/MIG 
Read/Write Device 


DYNAMIC CHARACTERISTICS AND TIMING (continued) 


SWITCHING CHARACTERISTICS 


PARAMETER CONDITIONS | MIN | | MAX | 
R/W To Write Delay to 90% of 15 7 
Write Current 


R/W to Read Delay to 90% of 
100 mV, 10 MHz Read 
Signal Envelope or 
to 90% decay of 
Write Current 


CS to Select Delay to 90% of Write 
Current or to 90% of 
100 mV, 10 MHz Read 
Signal Envelope 


CS to Unselect Delay to 90% Decay 
of Write Current 


HSO - HS2 to any head Delay to 90% of 100 mV, 
10 MHz Read Signal 
Envelope 


WUS, Safe to Unsafe - TD1 lw =35 mA 
WUS, Unsafe to Safe - TD2 lw =35 mA 


Head Current (Lh = 0 pH, Rh = 00) 


Prop. Delay - TD3 From 50% Points 

Asymmetry WDI has 50% Duty Cycle 
and 1ns Rise/Fall Time 

Rise/Fall Time 10% - 90% Points 


FIGURE 1: Write Mode Timing Diagram 
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SSI 32R5161R 
10-Channel Ferrite/MIG 
~. Read/Write Device 


see Note 1 . 


0.4 pF 
= 6 v VDD2 VCT 


, FILTER g 


CK 
READ 7 ih LEVEL 
DATA QUAL 


SSI 32P541 READ DATA PROCESSOR 


AGC 
AMPLIFIER 


aro tne e SSI 32R5161 


se 
5 
= 
mat 
at 
ae 
5. 
sat 


see Note 4 


NOTES 


1. Anexternal resistor, RCT, given by; RCT = 82 (60/lw) where Iw is the zero-peak write current in mA, 
can be used to limit internal power dissipation. Otherwise connect VDD2 to VDD1. 

2. Limit DC current from RDX and RDY to 100 pA and load capacitance to 20 pF. In multi-chip application 
these outputs can be wire-OR’ed. 

3. The power bypassing capacitor must be located close to.the 32R5161R with its ground returned directly 
to device ground, with as short a path as possible. 

4. To reduce ringing due to stray capacitance this resistor should be located close to the 32R5161R. 
Where this is not desirable a series resistor can be used to buffer a long WC line. In multi-chip 
applications a single resistor common to all chips may be used. ‘ 


FIGURE 2: Applications Information 
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SSI 32R5161R 
10-Channel Ferrite/MIG 
Read/Write Device 


PACKAGE PIN DESIGNATIONS 
(Top View) 


THERMAL CHARACTERISTICS: Qja 21 [] voT 


20 || H9Y 
6iead | SOM | SO°CIW oe 


36-Lead SOM 


ORDERING INFORMATION 


PART DESCRIPTION ORDERING NO. | PKG.MARK 


SSI 32R5161R Read/Write Device 
10-Channel SOM 32R5161R-10CM 32R5161R-10CM 


Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations 
and are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other 
rights of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. 
Silicon Systems reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to 
verify that the data sheet is current before placing orders. 
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Notes: 


A TDK Group f Company 


son sens 


DESCRIPTION 


The SSI 32R524R Read/Write device is a bipolar 
monolithic integrated circuit designed for use with 
two terminal thin film recording heads. It provides alow 
noise read amplifier, write current control and data 
protection circuitry for eight channels. Power supply 
fault protection is provided by disabling the write cur- 
rent generator during power sequencing. Systemwrite 
to read recovery time is significantly improved by 
controlling the read channel common mode output 
voltage shift in the write mode. It requires +5V and 
+12V power supplies and is available in a variety of 
package configurations. A mirror image pinout option 
is available to simplify flex circuit layout in multiple R/W 
device applications. The SSI 32R524R provides inter- 
nal 740Q damping resistors. 


BLOCK DIAGRAM 


vOD1 VCC GND WUS VvoD2 


MULTIPLEXER |: 
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SSI 32R524R 
8-Channel Thin Film 
Read/Write Device 


November 1991 


FEATURES 


¢ High performance: 


Read mode gain = 100V/V 

Input noise = 0.75 nV/VHz max. 
Input capacitance = 60 pF max. 
Write current range = 20 to 60 mA 
Head voltage swing = 7 Vpp 
Write current rise time = 9 nsec 


¢ Enhanced system write to read recovery time 
¢ Power supply fault protection 


¢ Plug compatible to the SSI 32R501, SSI 32R511 & 
SSI 32R512 
¢ Compatible with two & three terminal thin film heads 


¢ Write unsafe detection 
© +5V, +12V power supplies 
¢ Mirror image pinout option 


PIN DIAGRAM 


ogo on nwnsr® wr = 
ogo on oO MN fF WD NY —~ 


a 32-LEAD SOW 32-LEAD SOW 
aie MIRROR 


S CAUTION: Use handling procedures necessary 
1-51 for a static sensitive component. 


SSI 32R524R 
8-Channel Thin Film 
Read/Write Device 


_ CIRCUIT OPERATION 


The SSI 32R524R addresses eight two-terminal thin 
film heads providing write drive or read amplification. 
Head selection and mode control is accomplished with 
pins HSn, CS and R/W, as shown in Tables 1 & 2. 
Internal resistor pullups, provided on pins CS and R/W 
will force the device into a non-writing condition if either 
control line is opened accidentally. 


WRITE MODE 


The write mode configures the SSI 32R524R as a 
differential current switch and activates the Write 
Unsafe (WUS) detection circuitry. Write current is 
toggled between the X and Y directions of the selected 
head on each high to low transition on pin WDI, Write 
Data Input. 


A preceding read operation initializes the Write Data 
Flip Flop (WDFF) to pass write current in the X- 
direction of the head, which is defined as entering from 
the Y-side and flowing to the X-side. 7 
The magnitude of the write current (0-pk) given by: 


K 


where K (Write Current Constant) = 70 + 5%, is 
programmed by an external resistor RWC, connected 
from pin WC to ground. The actual head current Ix, y 
is given by: | 


lw 


Iw, y =_—_—____ 
1+RhWRd 


where: 
Rh = head resistance + external wire resistance, and 
Rd = damping resistance. 


Power supply fault protection improves data security 
by disabling the write current generator during a volt- 
age fault or power supply sequencing. Additionally, the 
write unsafe detection circuitry will flag any of the 
conditions listed below as a high level on the open 
collector output pin, WUS. Two negative transitions on 
pin WDI, after the fault is corrected, are required to 
clear the WUS flag. 


¢« Device in read mode 
e No write current 


© Open head 
¢ WDI frequency too low 
e Device not selected 
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Power dissipation in Write Mode may be reduced by 
placing aresistor, Rw, between VDD1 and VDD2. The 
resistor value should be chosen such that lw Rw <3.0V 
for an accompanying power dissipation reduction of 
(Iw)? Rw. If a resistor is not used, VDD2 should be 
connected to VDD1. Note that Rw will also provide 
current limiting in the event of a head short. 7 


READ MODE 


The read mode configures the SSI 32R524R as a low 
noise differential amplifier and deactivates the write 
current generator and write unsafe detection circuitry. 
The RDX and RDY outputs are emitter followers and 
are in phase with the "X" and "Y" head ports. These 
outputs should be AC coupled to the load. The RDX, 
RDY common mode voltage is maintained in the write 
mode, minimizing the transient between write mode 
and read mode, substantially reducing the write to read 
recovery time in the subsequent Pulse Detection cir- 
Cuitry. 


IDLE MODE 


The idle mode deactivates the internal write current 
generator, the write unsafe detector, and switches the 
RDX, RDY outputs into a high impedance state. This 
facilitates multiple device applications by enabling the 
read outputs to be wire OR’ed. 


TABLE 1: Mode Select 


0 = Low level, 1 = High level 
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SSI 32R524R 
8-Channel Thin Film 
Read/Write Device 


PIN DESCRIPTION 


Head Select: selects one of eight heads 
Chip Select: a low level enables the device 
Read/Write: a high level selects Read Mode 


Write Unsafe: Open collector output, a high level indicates an unsafe 
writing condition 


Write Data In: a negative transition toggles the direction of the 
head current 


HOX - H7X X, Y Head Connections: Current in the X-direction flows into the 
HOY - H7Y X-port 


+5V Logic Circuit Supply 


ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER SYMBOL VALUE UNITS 


[Write Curent tw tm 
‘cies ©. 7-2 A SO anaes Sa Se 
[wus [wus fe ma 

°C 


Storage Temperature -65 to +150 ee | 
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SSI 32R524R 
8-Channel Thin Film 
Read/Write Device 


RECOMMENDED OPERATING CONDITIONS 


PARAMETER | SYMBOL VALUE UNITS 
VDD1 12+10% 
VDD2- >VDD1 - 3.0V 
vec _| 5 + 10% | vbc 


DC CHARACTERISTICS | 
Unless otherwise specified, recommended operating conditions apply. 


/ParamereR =| conpimions =| min | Nom | max | UNITS 
VDD1 Supply Current | ReadMode = || - (| - | 50 | ma_| 
= anal ES SAN Re ae a 
iT ne oe ee oe 
aie re ee 
1 ne eo eS FY ae 
oil ier eo eo ee 
amare "agama BOSS Comes Ma 
or as aoe oe ee ee 
7 ren ae eae ae 
Gommion ee tee ae 
ore.’ |) | eo 
VDD2 = VDD1 1 
eee, eh en 
a ee ee 
— 
ool ae Se ee Ae A eT a ee 
To a eR eT a Gea Mea 
srr ea ORS EE CI A 
areeaeeeniey 5-7 aa ME eR LT a 
Coe loor ae fo ee By Be iN Re 
tt ns earn os mea Ts ae 
COT a Sad [oS ROSS TS Ee 
ne [oe area teoel ee eel Bl 
0<VDD1 <8.5V . 
0<VCC <5.5V 
0<VDD1 <13.2V 
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SSI 32R524R 
8-Channel Thin Film 
Read/Write Device 


WRITE CHARACTERISTICS 
Unless otherwise specified, recommended operating conditions apply, lw = 40 mA, Lh = 500 nH, Rh = 300 
and f(WDIl) = 5 MHz. 


READ CHARACTERISTICS 
Unless otherwise specified, recommended operating conditions apply, CL (RDX, RDY) < 20 pF and 
RL (RDX,RDY) = 1 kQ. 


PARAMETER CONDITIONS 
Differential Voltage Gain Vin=1 mMVpp @ 300 kHz 80 100 120 V/V 


Bandwidth | -1dB | [2s|<5Q, Vin=1 mVpp @ 300 kHz | 25 : ; MHz 
IZs|<5Q, Vin=1 mvpp@300kHz | 45 | - | - | MHz 

Input Noise Voltage BW = 15 MHz, Lh =0, Rh=0 | 0.55 | 0.75 | nVAHz | 

Differential Input Capacitance Vin = 1 mVpp, f = 5 MHz | 60 | 


Differential Input Resistance Vin = 1 mVpp, f = 5 MHz 


Dynamic Range DC input voltage where gain 
falls to 90% of its O VDC value, 
Vin = VDC +0.5 mVpp, f = 5 MHz 


Common Mode Rejection Ratio Vin = 0 VDC+100 mVpp @ 5 MHz 54 fe 


Power Supply Rejection Ratio 100 mVpp @ 5 MHz on VDD1 54 
100 mVpp @ 5 MHz on VCC 


Channel Separation Unselected channels driven 
with 100 mVpp @ 5 MHz, 


Vin = 0 mVpp 


FouipatOneetVenage 
RDX, RDY Common Mode 
ae Q 
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SSI 32R524R 
8-Channel Thin Film 
Read/Write Device 


SWITCHING CHARACTERISTICS (See Figure 1) 
Unless otherwise specified, recommended operating conditions apply, lw=40 mA, Lh=500 nH, Rh = 30Q 
and f(WDIl) = 5 MHz. 


PARAMETER 


Delay to 90% of 100mV 10MHz 
Read signal envelope or to 90% 
decay of write current 


S to Select | Delay to 90% of write current or to 
90% of 100mV 10MHz Read 
signal envelope 


CS to Unselect Delay to 10% of write current 


—— 1, 2 to any Head Delay to 90% of 100mV 10MHz 
Read signal envelope 


Unsafe to Safe - TD2 
Head Current 


Prop. Delay - TD3 From 50% points, Lh=Quh, Rh=0Q 


Asymmetry WDI has 50% duty cycle and 
1ns rise/fall time, Lh=Ouh, Rh=0Q 


10%-90% points, Lh=Ouh, Rh=0Q 


Rise/Fall Time 10%-90% points, 
R(HnX, HnY)=10Q 


CURRENT 
(ik - ly) 


FIGURE 1: Write Mode Timing Diagram 
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SSI 32R524R 
8-Channel Thin Film 
Read/Write Device 


APPLICATIONS INFORMATION 


The specifications, provided in the data section, account for the worst case values of each parameter taken 
individually. In actual operation, the effects of worst case conditions on many parameters correlate. Tables 3 & 
4 demonstrate this for several key parameters. Notice that under the conditions of worst case input noise, the 
higher read back signal resulting from the higher input inpedance can compensate for the higher input noise. 
Accounting for this correlation in your analysis will be more representative of actual performance. 


TABLE 3: Key Parameters Under Worst Case input Nolse Conditions 


Input Noise Voltage (Max. O56 
Differential Input Resistance (Min.) | ag2 8 
8 | 8 | 


Differential Input Capacitance (Max.) 
TABLE 4: Key Parameters Under Worst Case Input Impedance Conditions 


input Neise Votage (Max) 
| Differential Input Resistance (Min) | 220s | 20 
[itlerential input Capacitance (Max) ——~=~=~S~wrCSC‘“‘izONSSYS 


pF 
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PACKAGE PIN DESIGNATIONS 
(Top View) 


om 


HOX 
HOY 
H1X 
H1Y 
H2X 
H2Y 
H3X 
H3Y 
H4Xx 
H4Y 
H5X 
H5Y 
H6X 
H6Y 
H7X 
H7Y 


oo nn nant on =|. 


1 1 
2 2 2 
3 3 3 
4 4 4 
5 5 5 
6 6 6 
7 7 7 
8 8 8 
9 9 9 


10 


32-LEAD SOW 32-LEAD SOW 
MIRROR i.e. 
THERMAL CHARACTERISTICS: 6ja = ~  -34-LEAD SOL _ 34-LEAD SOL 


MIRROR 
32-Lead SOW 
34-Lead SOL 


ORDERING INFORMATION 


PART DESCRIPTION ORDER NO. | PKG.MARK 


SSI 32R524R 8-Channel SOW 32R524R-8W 32R524R-8W 
8-Channel SOL 32R524R-8L 32R524R-8L | 
SSI32R524RM | 8-Channel SOW 32R524RM-8W 32R524RM-8W 


8-Channel SOL 32R524RM-8L 32R524RM-8L | 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 
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SSI 32R528R 


J JS SFOS ° 9-Channel Thin Film 
A TDK Group # Company 


Read/Write Device 
Preliminary Data 


November 1991 
DESCRIPTION | FEATURES 


The SSI 32R528R Read/Write device is a bipolar 
monolithic integrated circuit designed for use with 
two terminal thin film recording heads. It provides alow 
noise read amplifier, write current control and data 
protection circuitry for eight or nine channels. Power 


High performance: 
Read mode gain = 150 V/V 
Input noise = 0.85 nV/VHz max. 
input Capacitance = 35 pF max. 


supply fault protection is provided by disabling the write Write current range = 10 mA to 40 mA 
current generator during power sequencing. System Head voltage swing = 7 Vpp 
write to read recovery time is significantly improved by Write current rise time = 9 ns 


controlling the read channel common mode output 
voltage shift in the write mode. It requires +5V and Enhanced system write to read recovery time 


+12V power supplies and is available ina 36 SOM ~~ © Differential ECL-like Write Data input 


package. A mirror image pinout option is available to 
simplify flex circuit layout in multiple R/W device appli- * Power supply fault protection 


cations. The SSI 32R528R provides internal 700Q ° Compatible with two & three terminal TFH 
damping resistors. * Write unsafe detection 


¢ +5V,+12V power supplies 


BLOCK DIAGRAM PIN DIAGRAM 


vb01 VCC GND WUS vDD2 


1 
2 
3 
4 
5 
6 
7 
MULTIPLEXER 8 
9 


VOLTAGE 
FAULT 
DETECTOR 


36-Lead SOM 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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_ Read/Write Device 


CIRCUIT OPERATION 


The SSI 32R528R addresses up to nine two-terminal 
thin film heads providing write drive or read amplifica- 
tion. Head selection and mode control is accomplished 
with pins HSn, CS and R/W, as shown in Tables 1 & 2. 
Internal resistor pullups, provided on pins CS and R/W 
will force the device into a non-writing condition if either 
control line is opened accidentally. . 


WRITE MODE 


The write mode configures the SSI 32R528R as a 
current switch and activates the Write Unsafe (WUS) 
detection circuitry. Write current is toggled between the 
X and Y direction of the selected head on each low to 
high transition of the WD, Write Data Input. 


A preceding read operation initializes the Write Data 
Flip Flop (WDFF) to pass write current in the X- 
direction of the head, i.e. into the X-port. 


The magnitude of the write current (0-pk) given by: 
lw =_Vwe 
RWC 


where Vwc (WC pin voltage) = 1.65V + 5%, is pro- 
grammed by an external resistor RWC, connected 
from pin WC to ground. In multiple device applications, 
a single RWC resistor may be made common to all 
devices. The actual head current Ix, y is given by: 


x,y | 
1+Rh/Rd 
where: 
Rh = head resistance + external wire resistance, and 
Rd = damping resistance. 


Power supply fault protection improves data security 
by disabling the write current generator during a volt- 
age fault or power supply sequencing. Additionally, the 
write unsafe detection circuitry will flag any of the 
conditions listed below as a high level on the open 
collector output pin, WUS. Two negative transitions on 
the WD/WD lines, after the fault is corrected, are re- 
quired to clear the WUS flag. 


¢ Device in read mode 
¢ No write current 


¢ WD frequency too low 
* Device not selected 
e Head open 


Power dissipation in Write Mode may be reduced by 
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placing a resistor, Rw, between VDD1 and VDD2. The 
resistor value should be chosen such that lw Rw <3.0V 
for an accompanying reduction of (lw)* Rw in power 
dissipation. If a resistor is not used, VDD2 should be 
connected to VDD1. Note that Rw will also provide 
current limiting inthe event of ahead short. | 


READ MODE 


The read mode configures the SSI 32R528R as a low 
noise differential amplifier and deactivates the write 
current generator and write unsafe detection circuitry. — 
The RDX and RDY outputs are emitter followers and 
are in phase with the "X" and "Y" head ports. These 
outputs should be AC coupled to the load. The RDX, 
RDY common mode voltage is maintained at the write 
mode value, minimizing the transient between write 
mode and read mode, substantially reducing the write 
to read recovery time in the subsequent Pulse Detec- 
tion Circuitry. 


IDLE MODE 


The idle mode deactivates the internal write current 
generator, the write unsafe detector and switches the 
RDX, RDY outputs into a high impedance state. This 
facilitates multiple device applications by enabling the 
read outputs to be wire OR’ed and the write current 
programming resistor to be common to all devices. 


TABLE 1: Mode Select 


0 = Low level 1 = High level 
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SSI 32R528R 
9-Channel Thin Film 
Read/Write Device 


PIN DESCRIPTIONS 


cS 


TYPE 


| Tye DESCRIPTION 

Lae. | Head Select: TTL level 

po Chip Select: a low TTL level enables the device 

a Read/Write: a high TTL level selects Read mode 


HSO - HS3 


Write Unsafe: Open collector output, a high level indicates an unsafe writing 
condition 

Differential Write Data inputs: a positive transition on WD toggles the direction 
of the head current 


/O X, Y Head Connections: Current in the X-direction flows into the X-port 


or 7 X, Y Read Data: differential read data output 
a Write Current: used to set the magnitude of the write current 


R/W 
WUS 
WD, WD 


Positive Power Supply for Write current drivers 


“When more than one R/W device is used, these signals can be wire OR’ed. 


ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 
Operation outside these rating limits may permanently damage the device. 


PARAMETER 


DC Supply Voltage 


-0.3 to VDD2 +0.3 
-0.3 to +14 


-65 to +150 
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SSI 32R528R 
9-Channel Thin Film 


~ Read/Write Device 


RECOMMENDED OPERATING CONDITIONS 


PARAMETER SYMBOL VALUE UNITS” 
VDD1 12+ 10% 


°C 


Operating Temperature | 0 to +135 ae 
DC CHARACTERISTICS 


Unless otherwise specified, recommended operating conditions apply. 


| PARAMETER | CONDITIONS UNITS 


VDD1 Supply Current Read Mode 
| VDD2 Supply Current 


DC Supply Voltage 


VCC Supply Current 
| 
| IdleMode 


| Write Mode: lw=20 mA, | 
VDD2 = VDD1 


Power Dissipation (Tj = +135°C) 


Write Mode: lw = 40 mA, 
_ VDD1 - VDD2 = 3.0V 


idle Mode 


WD, WD Input Low Current (IIL1 VIL1 = VCC -1.625V 


R/W, CS,HSO-HS3.—y 
Input High Current (IIH2) 
R/W, CS, HSO-HS3 

Input Low Voltage (VIL2) 
R/W, CS, HS0-HS3 

Input High Voltage (VIH2) 
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SSI 32R528R 
9-Channel Thin Film 
Read/Write Device 


DC CHARACTERISTICS (Continued) 


PARAMETER CONDITIONS 
WUS Output Low Voltage (VOL ILUS = 8.0 mA 


VDD Fault Voltage De see ee 
VCC Fault Voltage el 


Head Current (HnX, HnY) Write Mode, 0 < VCC <3.5 
0<VDD1<8.5V 


Read/Idie Mode 
0<VCC <5.5V 
0<VDD1 < 13.2V 


WRITE CHARACTERISTICS 
Unless otherwise specified, recommended operating conditions apply, lw = 20 mA, Lh = 1.0 pH, Rh = 30Q 
and f(WD) = 5 MHz. 


PARAMETER CONDITIONS 
WC Pin Voltage (Wwe E ateecnintiniecead 


ss 
FUnselected Head Curent | SSS*~Ss SSS «Yt 
Diterential Output Capacitance | ——=—=S~=~S Yd 
-Difererial Output Resistance | SoR2ER ——~=~*d;~«wHO | POO | eso | 
‘7 | - | - | Mi 


READ CHARACTERISTICS 
Unless otherwise specified, recommended operating conditions apply CL (RDX, RDY) < 20 pF and 
RL (RDX,RDY) = 1 kQ. 


now 
Ditferential Votage Gain | Vin=tmVpp@imHz | 15 | 
Bandwidth [-10B | [Zs|<50,Vin=1mVpp | 25 | = | = | MHz 
IZs| < 5Q, Vin=1 mVpp 45 | - | - | Miz 
| Input Noise Voltage | BW=15MHz,Lh=0,Rh=0 | - | 0.62 | 0.85| nvAHe 
Vin=imVpp,f=5MHz | - | - | 35| pF 
Differential Input 32R528R | Vin = 1mVpp, f = 5 MHz ie bl 
Resistance 
where gain falls to 90% of its 
smail signal value, f = 5 MHz 
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| Rise/Fall Time 


SSI 32R528R 
9-Channel Thin Film 
Read/Write Device 


READ CHARACTERISTICS (Continued) 


PARAMETER © CONDITIONS ; | MIN 
Common Mode Rejection Ratio Vin = 0 VDC+100 mVpp @ 5 MHz 


Power Supply Rejection Ratio 100 mVpp @ 5 MHz on VDD1 
100 mVpp @ 5 MHz on VCC 


Channel Separation -Unselected channels driven 45 
with 100 mVpp @ 5 MHz, 
Vin = 0 mVpp 


| Output Offset Voltage ae 


RDX, RDY Common Mode Read Mode 


| -360 
| 2.2 
Output Voltage | WriteMode T= 
eed 
3.2 | 


| Single Ended Output Resistance 
Output Current AC Coupled Load, RDX to RDY 


SWITCHING CHARACTERISTICS (See Figure 1) oe 
Unless otherwise specified, recommended operating conditions apply, lw = 20 mA, Lh = 1.0 wH, Rh = 300 


and f(WD) = 5 MHz. 
un [wax [ows 


PARAMETER CONDITIONS 
ws _| 
Us 


R/W 


—- R/W to Write Mode Delay to 90% of write current 


R/W to Read Mode Delay to 90% of 100 mV 10 MHz 
7 Read signal envelope or to 90% 
| decay of write current | 


S to Select | Delay to 90% of write current or to 


90% of 100 mV 10 MHz Read 
signal envelope 


CS to Unselect Delay to 10% of write current 


HSn 

| —_HS0, 1, 2, 3 to any Head Delay to 90% of 100 mV 10 MHz Sei us 
| Read signal envelope 

WUS | : 


Safe to Unsafe - TD1 po 8 | st 
Unsate to Safe - TD2 ees, ee 


1 
Head Current | 
3 


ae 
| _Prop.Delay-TD3_| From 50% points, Lh=Ouh, Rh=00 | - 


Asymmetry WD has 50% duty cycle and ins 
|_ rise/fall time, Lh=Ouwh, Rh=0Q 


10% - 90% points, Lh=Owh, Rh=00 
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SSI 32R528R 
9-Channel Thin Film 
Read/Write Device 


FIGURE 1: Write Mode Timing Diagram 


APPLICATIONS INFORMATION 


The specifications, provided in the data section, account for the worst case values of each parameter taken 
individually. In actual operation, the effects of worst case conditions on many parameters correlate. Tables 3 & 
4 demonstrate this for several key parameters. Notice that under the conditions of worst case input noise, the 
higher read back signal resulting from the higher input impedance can compensate for the higher input noise. 
Accounting for this correlation in your analysis will be more representative of actual performance. 

TABLE 3: Key Parameters Under Worst Case Input Noise Conditions 


PARAMETER Tj = 25°C Tj = 135°C UNITS 
4 


Input Noise Voltage (Max.) — o70 | 08 | nVVHz 
Differential Input Resistance (Min.) 32R528R | 39 «| aos] 
Differential Input Capacitance (Max.) | 32 | ado 


TABLE 4: Key Parameters Under Worst Case Input Impedance Conditions 


Input Noise Voltage (Max.) | 058 | 
Differential Input Resistance (Min.) 32R528R ) 810 
Differential Input Capacitance (Max.) 
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SSI 32R528R 
9-Channel Thin Film 


Read/Write Device 


PACKAGE PIN DESIGNATIONS . THERMAL CHARACTERISTICS: © ja 


Hox [] 1 1 HOX 
HOY 2 2 HOY 
Hix [J] 3 3 H1X 
H1Y [} 4 4 H1Y 
H2X 5 5 H2X 
H2Y 6 6 H2Y 
H3X 7 7 H3X 
H3Y 8 8 H3Y 
H4X 9 9 H4X 
H4Y H4Y 
H5X H5X 
H5Y H5Y 
H6X H6X 
H6Y H6Y 
H7X H7X 
H7Y H7Y 
H8X H8X 
H8Y | H8Y 

36-Lead SOM : 36-Lead SOM Mirror 

ORDERING INFORMATION 


PART DESCRIPTION ORDER NO. | PKGMARK 


SSI 32R528R with Internal Damping Resistor 
9-Channel SOM 32R528R-9CM 32R528R-9CM | 


SSI 32R528R Mirror Image with Damping Resistor | 


9-Channel SOM 32R528RM-9CL 32R528RM-9CL | 


Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations and | 
are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicors Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data sheet 
is current before placing orders. 
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A TDK Group # Company 


son sens 


DESCRIPTION 


The SSI 32R5281R Read/Write device is a bipolar 
monolithic integrated circuit designed for use with two- 
terminal thin-film recording heads. It provides a low 
noise read amplifier, write current control and data 
protection circuitry forupto 14 channels. Power supply 
fault protection is provided by disabling the write cur- 
rent generator during power sequencing. Systemwrite 
to read recovery time is significantly improved by 
controlling the read channel common mode output 
voltage shift in the write mode. It requires +5V and 
+12V power supplies and provides internal 700Q 
damping resistors. 


BLOCK DIAGRAM 


MULTIPLEXER 
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SSI 32R5281R 


14-Channel Two-Terminal 
Read/Write Device 


Advance Information 


November 1991 
FEATURES 


¢ High performance: 


Read mode gain = 250 V/V 

Input noise = 0.85 nV/VHz max. 

Input capacitance = 35 pF max. 

Write current range = 10 mA to 40 mA 
Head voltage swing = 7 Vpp 

Write current rise time = 9 ns 


e Enhanced system write to read recovery time 
¢ Differential ECL-like Write Data Input 

¢ Power supply fault protection 

°¢ Write unsafe detection 

°¢ +5V, +12V power supplies 


PIN DIAGRAM 


1 
2 
3 
4 
5 
6 
7 
8 
9 


44-LEAD SOM 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 


SSI 32R5281R 
14-Channel Two-Terminal 
Read/Write Device 


CIRCUIT OPERATION 


The SSI 32R5281R addresses up to 14 two-terminal 
thin film heads providing write drive or read amplifica- 
tion. Head selection and mode controlis accomplished 
with pins HSn, CS and R/W, as shown in Tables 1 & 2. 
Internal resistor pullups, provided on pins CS and R/W 
will force the device into a non-writing condition if either 
control line is opened accidentally. 


WRITE MODE 


The write mode configures the SSI 32R5281R as a 
current switch and activates the Write Unsafe (WUS) 
detection circuitry. Write current is toggled between 
the X and Y direction of the selected head on each low 
to high transition on the WD, Write Data input. (See 
figure 1.) 


A preceding read operation initializes the Write Data 


Flip Flop (WDFF) to pass write current in the X- 
direction of the head, i.e., into the X-port. 


The magnitude of the write current (0-pk) is given by: 
Vwe 


where Vwc (WC pin voltage) = 1.65V + 5%, is pro- 
grammed by an external resistor Rwc, connected from 
pin WC to ground. In multiple device applications, a 
single Rwc resistor may be made common to all de- 
vices. The actual head current Ix, y is given by: 


k,y =—_w_ 
1+Rh/Rd 
where: 
Rh = head resistance + external wire resistance, and 
Rd = damping resistance. 


Power supply fault protection improves data security 
by disabling the write current generator during a volt- 
age fault or power supply sequencing. Additionally, the 
write unsafe detection circuitry will flag any of the 
conditions listed below as a high level on the open 
collector output pin, WUS. Two positive transitions on 
the WD, Write Data input line, after the fault is cor- 
rected, are required to clear the WUS flag. 


° Device in read mode 
¢ No write current 


¢ WD frequency too low 
* Device not selected 
e Open head 


READ MODE 


The read mode configures the SS! 32R5281R as a low 
noise differential amplifier and deactivates the write 
current generator and write unsafe detection circuitry. 
The RDX and RDY outputs are emitter followers and 
are in phase with the "X" and "Y" head ports. These 
outputs should be AC coupled to the load. The RDX, 
RDY common mode voltage is maintained at the write 
mode value, minimizing the transient between write 
mode and read mode, substantially reducing the write 
to read recovery time in the subsequent Pulse Detec- 
tion circuitry. 


IDLE MODE 


The idle mode deactivates the internal write current 
generator, the write unsafe detector and switches the 
RDX, RDY outputs into a high impedance state. This 
facilitates multiple device applications by enabling the 
read outputs to be wire-OR’ed and the write current 
programming resistor to be common to all devices. 


TABLE 1: Mode Select 


1 = High level 


0 = Low level 
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SSI 32R5281R 
14-Channel Two-Terminal 
Read/Write Device 


PIN DESCRIPTION 


WD, WD Differential Write Data inputs: a positive transition on WD toggles the direction 
of the head current 

HOX - H13X fe) X, Y Head Connections: Current in the X-direction flows into the X-port 

HOY - H13Y 


Fox aoy | or | XvAead Dan atmoniareosata oad 
Ce |] We Cure: stn ogre otis nts nent 
a Oa 
vo 
|GND | 


“When more than one R/W device is used, these signals can be wire OR’ed. 


ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 
Operation outside these rating limits may permanently damage the device. 


PARAMETER VALUE 

DC Supply Voltage -0.3 to +14 

100 
-10 
+12 


-0.3 to +/ 


-0.3 to VCC +0.3 


-65 to +150 


-0.3 to VDD2 +0.3 


1191 - rev. 1-69 


SSI 32R5281R 
14-Channel Two-Terminal 
Read/Write Device 


RECOMMENDED OPERATING CONDITIONS 


PARAMETER | SYMBOL VALUE UNITS 
DC Supply Voltage __vop 


VCC 
Operating Temperature Tj +25 to +135 
DC CHARACTERISTICS 


Unless otherwise specified, recommended operating conditions apply. 


PARAMETER CONDITIONS 


Read Mode 
Write Mode 
Idle Mode 


| VDD Supply Current 


— 
| 43 (| TED 
Power Dissipation (Tj = +135°C) | = | 800 
Write Mode: Iw = 20 mA, ) = | 1000 | mw 


Idle Mode 
WD, WD Input Low Current (IIL1) VIL1 = VCC -1.625V 
WD, WD Input High Current (IIH1) VIH1 = VCC -0.72V 


WD, WD Input Low Voltage (VIL1) 
WD, WD Input High Voltage (VIH1) 


ae 
9 
WO 


VCC VCC VDC 
-1.00 -0.720 | | 


R/W, CS, HSO0-HS3 VIL2 = 0.8V 0.4 A 
Input Low Current (IIL2) | | : 

R/W, CS, HSO0-HS3 VIH2 = 2.0V 100 pA 
Input High Current (IIH2) | 


R/W, CS, HSO-HS3 

Input Low Voltage (VIL2) 

R/W, CS, HSO-HS3 © 
Input High Voltage (VIH2) 


WUS Output Low Voltage (VOL) 


VDD Fault Voltage | 8.5 | 
"VCC Fault Voltage | 135 | - | 


lol=8 mA 


4.2 VDC 
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SSI 32R5281R 
14-Channel Two-Terminal 
Read/Write Device 


DC CHARACTERISTICS (continued) 


CONDITIONS 


Head Current (HnX, HnY) Write Mode, 
0< VCC <3.5V 
0<VDD1<8.5V 


Read/idle Mode, 
0< VCC < 5.5V 
0< VDD1 <13.2V 


UNITS 


WRITE CHARACTERISTICS 
Unless otherwise specified, recommended operating conditions apply, lw = 20 mA, Lh = 500 nH, Rh = 300 


and f(WD) = 5 MHz. 
[wePinvorage wT 
Ea! 
eae 


V 
V 
k 


|UnselectedHead Curent =| 
[Differential Output Capacitance | 
[Differential Output Resistance =| 
WDI Transition Frequency |wuS=lw (as (atest tz fe 
|WuS=high fe 

[WriteCurrentRange | tT 


READ CHARACTERISTICS 
Unless otherwise specified, recommended operating conditions apply CL (RDX, RDY) < 20pF and 
RL (RDX,RDY) = 1 kQ. 


Peak-to-peak AC input voltage 
where gain falls to 90% of its 
small signal value, f = 5 MHz 


Vin = 0 VDC+100 mVpp @ 5 MHz 


Power Supply Rejection Ratio 100 mVpp @ 5 MHz on VDD1 
100 mVpp @ 5 MHz on VCC 


Channel Separation Unselected channels driven 
with 100 mVpp @ 5 MHz, 
Vin = 0 mVpp 


: 
= 
Ro) 
& 


pp 
pF 
MHz 
Hz 
mA 


<7 
ical 
25 
950 
ae 
| 500 _| 
C40 
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SSI 32R5281R 
14-Channel Two-Terminal 
Read/Write Device 


READ CHARACTERISTICS (continued) 


PARAMETER CONDITIONS. 

Output Offset Voltage P| 400 
RDX, RDY Common Mode Read Mode or Write Mode [Vcc -2.5| Vcc - 2.1] Vcc -1.7} VDC 
Output Voltage 


Single Ended Output Resistance = | f=5MHz | | 80 
Output Current AC Coupled Load, — ton an ae mA 

7 RDX to RDY _ 
SWITCHING CHARACTERISTICS (See Figure 1) 


Unless otherwise specified, recommended operating conditions apply, lw = 20 mA, Lh= 500 nH, Rh = 30Q 
and f(WD) = 5 MHz. 


PARAMETER CONDITIONS 


R/W | 
R/W to Write Mode Delay to 90% of write current 


R/W to Read Mode Delay to 90% of 100mV 10MHz | 
Read signal envelope or to 90% 
decay of write current 


S to Select Delay to 90% of write current or to Us | 
90% of 100mV 10MHz Read > 
signal envelope _ | 
S to Unselect Delay to 90% of write current | 06 | ps | 
HSn 
HS0, 1, 2, 3 to any Head Delay to 90 % of 100mV 10MHz 0.4 t- 
| Read signal envelope | : 
| WUS" | | 


| __ Safe to Unsafe - TD1 aria us 


Head Current 


aoe 
Prop. Delay - TD3 | From 50% points, Lh=Ouh, Rh=0Q] = | 32 
9 


i 


| cS 


2) 


| 


Asymmetry WD has 50 % duty cycle and 
1ns rise/fall time, Lh=Owh, Rh=0Q 


Rise/Fall Time | 10% - 90% points, Lh=Ouh, Rn=0Q 


> 
ns 
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SSI 32R5281R 
14-Channel Two-Terminal 
Read/Write Device 


FIGURE 1: Write Mode Timing Diagram 


APPLICATIONS INFORMATION 


The specifications, provided in the data section, account for the worst case values of each parameter taken 
individually. In actual operation, the effects of worst case conditions on many parameters correlate. Tables 3 & 
4 demonstrate this for several key parameters. Notice that under the conditions of worst case input noise, the 
higher read back signal resulting from the higher input impedance can compensate for the higher input noise. 
Accounting for this correlation in your analysis will be more representative of actual performance. 


TABLE 3: Key Parameters Under Worst Case Input Noise Conditions 


bier put Resistance win) —=Ss=~=~“~*~dtSCi| eo] 
bier pu Cepecince Wax) ie 


PARAMETER | | Tj = 25°C 
Input Noise Voltage (Max.) | oss | oom nVNVHz 
Differential Input Resistance (Min.) | | sto | 50s | i 


Tj = 135°C UNITS 
— 350 
Differential Input Capacitance (Max.) | 33s || ope 
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SSI 32R5281R 
14-Channel Two-Terminal 
Read/Write Device 


PACKAGE PIN DESIGNATIONS THERMAL CHARACTERISTICS: @ja 


Top View 
( a ) 44-Lead SOM | 50°C/W 
44-PLCC 60°C/W 


1 
2 
ac 
4 
§ 
6 
7 
8 
9 


44-Pin SOM 


Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use 
for final design. | . . 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other 
rights of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. 


Silicon Systems reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned 
verify that the data sheet is current before placing orders. . oo 
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DESCRIPTION 


The SSI 32R1200/1201 are bipolar monolithic inte- 
grated circuits designed for use with center-tapped 
ferrite or MIG recording heads. They provide a low 
noise read path, write current control, and data protec- 
tion circuitry for as many as 4 channels. Power supply 
fault protection is provided by disabling the write cur- 
rent generator during power sequencing. A power 
down mode (idle) is provided to reduce power con- 
sumption toless than 10 mW. The SSI32R1201 option 
provides a write current boost feature which can be 
selected without using additional external resistors. 


The SSI 32R1200R/1201R option provides internal 
750Q damping resistors. Both devices require only a 
+5V power supply and are available in surface mount 
packages. 


BLOCK DIAGRAM 


| MULTIPLEXER 


* Not available in 20-pin SOL 


SSI 32R1200/1201 
+5V, 2, 4-Channel Ferrite/MIG 
Read/Write Device 


Advance Information 


November 1991 


FEATURES 


© +5V only power supply 
e Low power 
- Pd < 200 mW read mode 
- Pd < 10 mW idle mode 
¢ High Performance 
= Read mode gain = 200 V/V 
= Input noise = 1.2 nV/YHz max. 
- Input Capacitance = 17 pF max. 
- Write current range = 15-50 mA 


- Head voltage swing = 6.0 Vpk 
* Designed for center-tapped ferrite or MIG 
heads 


¢ TTL selectable write current boost 
¢ Power supply fault protection 

¢ includes write unsafe detection 

e Enhanced Write to Read recovery 


PIN DIAGRAM 


GND {| 1 
N/C || 2 
HOx || 3 


HOY || 4 


H1iX || 5 

H1Y []6  32R1201 
H2X || 7 Channels 18 |} HSO 
H2Y [| 8 
H3x {| 9 
H3Y || 10 
vceT |j 11 


vcoc2 || 12 


24-Pin SOL, VSOP 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 


SSI 32R1200/1201 , 
+5V, 2, 4-Channel Ferrite/MIG 


_ Read/Write Device 


DESCRIPTION 


WRITE MODE 


A source of recording current is provided to the head 
center tap by an internal voltage reference, VCT. The 
current is conducted through the head alternately into 
an HnX terminal or an HnY terminal according to the 
state of aninternal flip-flop. The flip-flop is triggered by 
the negative transition of the Write Data Input line 
(WDI). A proceeding read mode selection initializes 
the write data flip-flop, WDOFF, to pass write current 
through the “X” side of the head. The write current 
magnitude is determined by the value of an external 
resistor Rwc connected between WC terminal and 
GND, and is given by: 


lw = K/Rwc, where K = Write Current Constant 


In addition, this current can be given a 30% boost 
without switching in additional resistance values by 
pulling WBOOST low (32R1201/1201R only). 


WRITE MODE FAULT DETECT CIRCUIT 


Several circuits are dedicated to detecting fault condi- 
tions associated with the write mode. A logical high 
level will be present at the Write Unsafe (WUS) termi- 
nal if any of the following write fault conditions are 
present: 


° Head open 

° Head center tap open 

° Head shorted 

° Head shorted to ground ~ 

° No write current 

° WODI frequency too low 

° Device in read or idle mode 


The Write Unsafe output is open-collector and is usu- 
ally terminated by an external resistor connected to 
VCC. Two negative transitions on WDI, after the fault 
is corrected, will clear the WUS flag. 


Additionally, a power voltage monitoring circuit is used 
todetect VCC voltage level. Ifitis too lowto permit valid 
data recording, write current is inhibited. With VCC 
voltage level above the inhibiting value, control of write 
current is provided by the mode selection inputs. | 


1-76 


READ MODE 


In Read Mode, (R/W high and CS low), the circuit 
functions as a low noise differential amplifier. The read 
amplifier input terminals are determined by the Head 
Select inputs. The read amplifier outputs (RDX, RDY) 
are emitter follower sources, providing low impedance 
outputs. The amplifier gain polarity is non-inverting 
between HnX, HnY inputs and RDX, RDY outputs. 


IDLE MODE 


Taking CS high selects the idle mode which switches 
the RDX and RDY outputs into a high impedance state 
and deactivates the device. Power consumption inthis 
mode is held to a minimum. 


MODE SELECTION AND INDICATION CIRCUIT 


Logical control inputs which select mode and head 
channel are TTL compatible. Their functions are de- 
scribed in Table1 and Table 2. 


TABLE 1: Head Select Table 


Head Selected HS1 


Selected Indicating & 
Mode Fault Outputs 
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SSI 32R1200/1201 
+5V, 2, 4-Channel Ferrite/MIG 
Read/Write Device 


PIN DESCRIPTION 


DESCRIPTION 

a aa Head Select. Logical combinations select one of four Heads. See Table 1 
ee ae Chip Select: a low level enables device. Has internal pull-up resistor. 
ae Read/Write:a high level selects read mode. Has internal pull-up resistor. 


HSO0-HS1 


HOX-H3X X, Y head connections 

HOY-H3Y 

RDX, RDY cor X, Y Read Data: differential read signal output 
pwoti‘dT:tsi Write Current: used to set the magnitude of the write current 


A logic low signal on this pin increases the magnitude of write current by 
typically 30% 


|}WUS Write Unsafe: a high level indicates an unsafe writing condition 
oe Voltage Center Tap: voltage source for head center tap 


cS 

R/W i 

WUS , i 

WDI Write Data In: negative transition toggles direction of head current 
WC 


WBOOST** 


* When more than one R/W device is used, these signals can be wire OR’ed. 
** WBOOST available in 32R1201 only (16 and 24-pin options) 


ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 
(All voltages referenced to GND. Currents into device are positive.) 


PARAMETER VALUE UNITS 
Digital Input Voltage Range -0.3 to VCC + 0.3 

HS1, HSO, WDI, R/W, CS, WBOOST 

Head Port Voltage Range VH jf -0.3 to VCC + 0.3 


H ? 
: 
°C . 


WwW 
| Write Current Zero-Peak WL 
|RDX,RDY Output Curent fo | 
1.0 mA to -10 mA 
Storage Temperature Range Tstg | 850150 | 
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SSI 32R1200/1201 
+5V, 2, 4-Channel Ferrite/MIG 
Read/Write Device 


RECOMMENDED OPERATION CONDITIONS 


PARAMETER CONDITIONS . 


V 


32R1200/1201 only 


| 500 
15 
+25 


C 
Lh 
Rd 
IW 

q 


Junction Temperature Range 


DC CHARACTERISTICS 
(Unless otherwise specified, recommended operating conditions apply.) 


POWER SUPPLY 


PARAMETER CONDITIONS ~ 


VCC Supply Current (ICC) 
Power Dissipation 


_ DIGITAL 1/0 | 


PARAMETER CONDITIONS 


VIL Input Low Voltage | 
CS, R/W WDI, HSO, HS1, 
WBOOST 

VIH Input High Voltage 
CS, R/W WDI, HSO, HS1, 
WBOOST 


VIL = 0.4V 


HL Input Low Current 


IIH Input High Current VIH = 2.7V 
CS, R/W WDI, HSO, HS1, 
WBOOST | 


VOL WUS Output Low Voltage lIOL = 4.0 mA 


10H —_WUS Output High Current VOH = 5.0V 


CS, R/W WDI, HSO, HS1, 


_WBOOST 
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SSI 32R1200/1201 
+5V, 2, 4-Channel Ferrite/MIG 
Read/Write Device 


WRITE MODE 


PARAMETER CONDITIONS 
VCT Write Mode VDC 


Write Mode, -200 200 pA 
0< VCC <3.9V 


Write Current Range 1.0 kQ < Rwe < 3.3 kQ oe mA 


Write Current Constant “K” 
lwc to Head Current Gain 


WBOOST - Write Current mA/mA 
Boost Factor* 


VD 


* Not available in 20-pin SOL. 


READ MODE 


RDX, RDY Leakage | 


CONDITIONS | MIN | 
[Center Tap Votage——~S~*di «Read Mode —S*dSSS*deetsf —*dYsv 
ee 


nut Bias Gurent parse 
Output Offset Voltage Read Mode | -200 | | +200 | mv | 
Common Mode Output Voltage Read Mode } 2 |vec-24] 3.5 | VDC | 


Common Mode Output Voltage -100 
Change from Write to Read Mode 


FAULT DETECTION CHARACTERISTICS 


Unless otherwise specified recommended conditions apply, lw = 30 mA, Lh = 5 wH, Rd = 750Q. 
(SSI 32R1200 only), F(WDI) = 10 MHz. 


Minimum Rate of WDI Input for 
Safe condition 


Maximum Rate of WDI Input for 


Unsafe condition 

Minimum voltage value for 
guaranteed write current turn-on 
Maximum voltage value for 
guaranteed write current turn-off 
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SSI 32R1200/1201 
+5V, 2, 4-Channel Ferrite/MIG 
Read/Write Device 


DYNAMIC CHARACTERISTICS AND TIMING 

(Unless otherwise specified, recommended operating conditions apply and Iw = 30 mA, Lh = 5 pH, 
Rd = 750Q 32R1200 only, f((WDI) = 5 MHz, CL(RDX, RDY) < 20 pF.) | 
WRITE MODE 


PARAMETER 


Differential Output Resistance 32R1200 
32R1200R 


Vin = 1 mV RMS @ 1 MHz 
|Zs| < 5Q, Vin = 1 mVpp 


BW = 15 MHz, 
Lh=0,Rh=0 


Vin = mV RMS f = 5MHz 
32R1200 f = 5 MHz 


32R1200R 3 460 


AC input voltage where 
gain falls to 90% of its 
small signal gain valve, 
f =5 MHz 
Common Mode Rejection Ratio Vem = 100 mVpp @1 MHz 
< f < 10 MHz. | 


AVcc =100 mVpp @1MHz 
< f < 10 MHz 


Channel Separation — _ | Unselected Channels: 
Vin = 20 mVpp 1 MHz 
< f < 10 MHz 


DX,Y Single Ended Output 
Resistance 
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SSI 32R1200/1201 
+5V, 2, 4-Channel Ferrite/MIG 
Read/Write Device 


DYNAMIC CHARACTERISTICS AND TIMING (continued) 
SWITCHING CHARACTERISTICS 


PARAMETER CONDITIONS 
R/W _ Read to Write R/W to 90% of write current 


Write to Read R/W to 90% of 
100 mV. 10 MHz Read signal 
envelope | 


cs Unselect to Select CS to 90% Ih or to 90% of 


Us 


100 mV. 10 MHz 
Read signal envelope 


Select to Unselect CS to 10% Ih 


HSO, 1 to any Head To 90% of 100 mV. 10 MHz 
Read signal envelope 


=- 
© 
nd 
© 
Cc 


c 


oh 
Ol 
© 
n |” ” ” 


iad ascisiacein cw See 


Write mode, after fault cleared 
Rh=0,Lh=0 


From 50% points 


Unsafe to Safe (TD2) 


—_ 
8 
Cc 


Head Current 
Prop. Delay (TD3) 
Asymmetry 


WDI has 50% Duty Cycle 
and 1 ns Rise/Fall Time 


Rise/Fall Time | 10% - 90% Points 


HEAD 
CURRENT 
(Ix -ly) 


FIGURE 1: Write Mode Timing Diagram 
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SSI 32R1200/1201 
+5V, 2, 4-Channel Ferrite/MIG 
‘Read/Write Device 


see Note 1 


LOGIC 
SUPPORT 


FILTER 


LT ae SSI 32R1200 
+ AGC ; 
AMPLIFIER 

raat m 


SSI 32P549 READ DATA PROCESSOR 


see Note 4 


NOTES 
Damping resistors not required on 32R1200R versions. 
Limit DC current from RDX and RDY to 100 pA and load capacitance to 20 pF. In multi-chip application 
these outputs can be wire-OR’ed. 
The power bypassing capacitor must be located close to the 32R1200 with its ground returned directly 
to device ground, with as short a path as possible. 
To reduce ringing due to stray capacitance this resistor should be located close to the 32R1200. Where 
this is not desirable a series resistor can be used to buffer a long WC line. 


FIGURE 2: Applications Information 
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SSI 32R1200/1201 


+5V, 2, 4-Channel Ferrite/MIG 


PACKAGE PIN DESIGNATIONS 
(Top View) 


GND || 1 
NIC [| 2 
Hox [|] 3 
HOY || 4 
H1iX || 5 
H1Y || 6 
H2x || 7 
H2Y || 8 
H3x |] 9 
H3Y |] 10 
vet [| 11 


vcC2 || 12 


241) NC 
cs 
22 || RW 
21 || WC 
20 || RDY 
32R1201 19 |] RDX 
ernie 18 |] HSO 
17 |} HS1 
16 |} VCC 
15 |] WDI 


14 || wus 


24-Pin SOL, SOV 


Advance Information: 


13 |] WBOOST 


GND || 1 || CS 
HOX | | 2 RW 
HOY || 3 || we 


H1X [| 4 || RDY 


H1Y¥ [|] 5 32R1200 || RDX 
4 
H2x || 6 Channels || HSO 


H2y [] 7 || HS1 
H3x [|] 8 || voc 
H3Y [| 9 |! WDI 


vcT [|] 10 || WUS 


20-Pin SOL, SOV 


Read/Write Device 


THERMAL CHARACTERISTICS: 6ja 


16-lead SOL 
24-lead VSOP 


80°C/W 
105°C/W 
110°C/W 


125°C/W 


GND || 1 || CS 
Hox | | 2 || RAW 
HoY || 3 || WC 
H1X[| 4  32R1201 13 || RDY 
H1Y |] 5 Ghaiiale 12 || RDX 
vcT || 6 || HSO 
WBOOST [| 7 


wus [| 8 9 |] wol 


16-Pin SOL 


Indicates a product still in the design cycle, and any specifications are based on design goals only. 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 


sheet is current before placing orders. 
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A TDK Group f Company 


sgn sens 


DESCRIPTION 


The SSI 32R1220/1221 are bipolar monolithic inte- 
grated circuits designed for use with center-tapped 
ferrite or MIG recording heads. They provide a low 
noise read path, write current control, and data protec- 
tion circuitry for as many as 4 channels. Power supply 
fault protection is provided by disabling the write cur- 
rent generator during power sequencing. A power 
down mode (idle) is provided to reduce power 
consumption to less than 10 mW. The SSI 32R1221 
option provides write current boost feature which can 
be selected without using additional external resistors. 


The SSI 32R1222 option provides a bond option com- 
patible with other available three-terminal Read/Write 
devices. 


The SSI 32R1220R/1221R/1222R option provides 
internal 750Q damping resistors. Both devices require 
only a+5V power supply and are available in surface mount 
packages. 


BLOCK DIAGRAM 


SSI 32R1220/1221/1222 
+5V, 2, 4-Channel Ferrite/MIG 
Read/Write Device 


Advance Information 


December 1991 


FEATURES 


° +5V (+ 10%) only power supply 
e Low power 
= Pd =150 mW read mode (NOM) 
- Pd < 5 mW idle mode (NOM) 
¢ High Performance | 
= Read mode gain = 250 V/V 
- Input noise = 0.8 nV/VHz max. 
= Input capacitance = 17 pF max. 
- Write current range = 15-40 mA 


- Head voltage swing = 6.0 Vpk 
¢ Designed for center-tapped ferrite or MIG 
heads 


¢ TTL selectable write current boost 
¢ Pin compatible with 32R1200 

¢ Power supply fault protection 

e Write unsafe detection 

e Enhanced Write to Read recovery 


PIN DIAGRAM 


HOX 


RAW 
J HOY 
aT 32R1220 
©) MULTIPLEXER | H1X 4 
_ : Channels 


| VOLTAGE 
|) FAULT 
| DETECTOR 


WBOOST (32R1221 ONLY) 


Cy Hex 


C1 H3Xx 


20-Pin SOL 


[} Hav 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 


SSI 32R1220/1221/1222 
+5V, 2, 4-Channel Ferrite/MIG 
Read/Write Device 


DESCRIPTION _ 
WRITE MODE 


A source of recording current is provided to the head 
center tap by an internal voltage reference, VCT. The 
current is conducted through the head alternately into 
an HnX terminal or an HnY terminal according to the 
state of an internal flip-flop. The flip-flop is triggered by 
the negative transition of the Write Data Input line 
(WDI). A proceeding read mode selection initializes 
the write data flip-flop, WDFF, to pass write current 
through the “X” side of the head. The write current 
magnitude is determined by the value of an external 
resistor Rwc connected between WC terminal and 
GND, and is given by: 


lw = K/Rwc, where K = Write Current Constant 


In addition this current can be given a 30% boost, 
without switching in additional resistance values, by 
pulling WBOOST low (32R1221/1221R only). 


WRITE MODE FAULT DETECT CIRCUIT 

Several circuits are dedicated to detecting fault condi- 
tions associated with the write mode. A logical high 
level will be present at the Write Unsafe (WUS) termi- 
nal if any of the following write fault conditions are 
present: 


° Head open 

° Head center tap open 

°* Head shorted 

* Head shorted to ground 

° No write current 

° WDI frequency too low 

° Device in read or idle mode 


The Write Unsafe output is open-collector and is usu- 
ally terminated by an external resistor connected to 
VCC. Two negative transitions on WDI, after the fault 
is corrected, will clear the WUS flag. 


Additionally, a power voltage monitoring circuit is used 
to detect VCC voltage level. If itis too low to permit valid 
data recording, write current is inhibited. With VCC 
voltage level above the inhibiting value, control of write 
current is provided by the mode selection inputs. 
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READ MODE 


In Read Mode, (R/W high and CS low), the circuit 
functions as alow noise differential amplifier. The read 
amplifier input terminals are determined by the Head 
Select inputs. The read amplifier outputs (RDX, RDY) 
are emitter follower sources, providing low impedance 
outputs. The amplifier gain polarity is non-inverting 
between HnX, HnY inputs and RDX, RDY outputs. 


IDLE MODE 


Taking CS high selects the idle mode which switches 
the RDX and RDY outputs into a high impedance state 
and deactivates the device. Power consumption inthis 
mode is held to a minimum. | 


MODE SELECTION AND INDICATION CIRCUIT 


Logical control inputs which select mode and head 
channel are TTL compatible. Their functions are de- 
scribed in Table1 and Table 2. 


TABLE 1: Head Select Table 


Head Selected 


HS0 
a ee ee: 
ae eae ae 
a a a 


ad 
a a 
ae 
aa a 
TABLE 2: Mode Select Table 
Select Mode 
4 | x | ttle | ot 
Po | 1 | Ro | of 
ee 


* Provided that no fault is detected. 


Indicating & 
Fault Outputs 


WUS 
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SSI 32R1220/1221/1222 
+5V, 2, 4-Channel Ferrite/MIG 
Read/Write Device 


PIN DESCRIPTION 


ie) 


HS0-HS1 


DESCRIPTION 


Head Select. Logical combinations select one of four Heads. See Table 1 


U : 
wot 


R 


= 


o>) 


RDX, RDY X, Y Read Data: differential read signal output 


WC 

VCT 

VCC 

GND 
WBOOST™ 


typically 30% 


* When more than one R/W device is used, these signals can be wire OR’ed. 
** 32R1221 only. — 


ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 
(All voltages referenced to GND. Currents into device are positive.) 


VALUE 
-0.3 to +6 


-0.3t0 VCC +03 


-0.3 to VCC + 0.3 


Write Current Pin Voltage Vwe -0.3 to VCC +0.3 
WUS Pin Voltage Range ~ Vwus -0.3 to +6.0 fF DOs—si*SY 


DC 
DC 
DC 
DC 
DC 
Write Current Zero—Peak IW A 
A 
DC 
A 
A 
°C 
°C 


Write Unsafe: a high level indicates an unsafe writing condition. 
HOX-H3X V/O X, Y head connections. 
HOY-H3Y 


PARAMETER 


Digital Input Voltage Range 


DC Supply Voltage VC 
HS1, HSO, WDI, R/W, CS, WBOOST 
V 


Cc 
Head Port Voltage Range H 


RDX, RDY Output Current o| +0 | 


RDX, RDY Pin Voltage 


VCT Output Current Range lvct a: ee 
WUS Output CurrentRange wus |Z mA 
15 


VCC +0.3 


V 
V 
V 
V 
V 
m 
m 
V 
m 
m 


Storage Temperature Range stg | 0580150 | 


Package Temperature (20 sec Reflow) 2 
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SSI 32R1220/1221/1222 
+5V, 2, 4-Channel Ferrite/MIG 
Read/Write Device 


RECOMMENDED OPERATION CONDITIONS 


DC Supply Voltage 


Head Inductance 


Damping Resistor Rd 


Write Current Range | IW 


Junction Temperature Range 


DC CHARACTERISTICS 
(Unless otherwise specified, recommended operating conditions apply.) 


POWER SUPPLY 


PARAMETER 


VCC Supply Current (ICC) 
m 


Power Dissipation 


DIGITAL I/O 
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SSI 32R1220/1221/1222 
+5V, 2, 4-Channel Ferrite/MIG 
Read/Write Device 


WRITE MODE 


PARAMETER CONDITIONS 
Center Tap Voltage VCT | Write Mode 


Write Mode, 
0< VCC <3.9V 


Write Current Range 1.0 kQ < Rwe < 3.3 kQ 


Write Current Constant “K” 


Iwc to Head Current Gain 


RDX, RDY = 4V 
Idle Mode 


* 32R1221 only 


READ MODE 


PARAMETER CONDITIONS / MIN 
Center Tap Voltage Read Mode - 2. 
Input Bias Current (Differential) ee oe ee 


Output Offset Voltage 


FAULT DETECTION CHARACTERISTICS 


Unless otherwise specified recommended conditions apply, lw = 30 mA, Lh = 5 wH, Rd = 750Q. 
F(WDI) = 10 MHz. 


PARAMETER 


Maximum voltage value for 
guaranteed write current turn-off 
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SSI 32R1220/1221/1222 
+5V, 2, 4-Channel Ferrite/MIG 


_. Read/Write Device 


DYNAMIC CHARACTERISTICS AND TIMING 
(Unless otherwise specified, recommended operating conditions apply and Iw = 30 mA, Lh = 5 uH, 
Rd = 750Q, f(WDI) = 5 MHz, CL(RDX, RDY) < 20 pF.) — 


WRITE MODE 


PARAMETER CONDITIONS 


Differential Head Voltage Swing rrr 
Unselected Head Transient Current 1nH <Lh <9.5uH 
Differential Output Capacitance Deg ool 


Differential Output Resistance 32R1220/1221/1222 _ 
32R1220R/1221R/1222R 


READ MODE | 


BW = 15 MHz, 
Lh =0, Rh=0 


32R1220/1221/1222 f =5 MHz 
32R1220R/1221R/1222R 


Vem = 100 mVpp@1 MHz 
< f < 10 MHz 


Channel Separation Unselected Channels: 
Vin = 20 mVpp 1 MHz 
< f < 10 MHz 


Single Ended Output Resistance 
Output Current 2 
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SSI 32R1220/1221/1222 
+5V, 2, 4-Channel Ferrite/MIG 
Read/Write Device 


DYNAMIC CHARACTERISTICS AND TIMING (continued) 


SWITCHING CHARACTERISTICS 


PARAMETER CONDITIONS 


and 


R/W to 90% of write current 


R/W _ Read to Write 
Write to Read 


R/W to 90% of 


100 mV. 10 MHz Read signal 
envelope 
CS to 90% Iw or to 90% of 


100 mV. 10 MHz 
Read signal envelope 


cS Unselect to Select 


ok 
a 
n 


= 
77) 


Select to Unselect 


HSO, 1 to any Head To 90% of 100 mV. 10 MHz 
Read signal envelope 


WUS: Safe to Unsafe (TD1) Write Mode, loss of WDI 


ah, 


oO oO 


Write Mode, resumption of 
WDI 


From 50% Points, Lh = 0 
Rh = 0 


WDI has 50% Duty Cycle 
and 1 ns Rise/Fall Time 


10% - 90% Points 


Unsafe to Safe (TD2) 


© 
Lo) 
7 


Head Current 
Prop. Delay - TD3 


Asymmetry 


Rise/Fall Time 


FIGURE 1: Write Mode Timing Diagram 
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SSI 32R1220/1221/1222 
+5V, 2, 4-Channel Ferrite/MIG 
Read/Write Device 


vCT 
see Note 1 


SSi 32R1221 


SS! 32P549 READ DATA PROCESSOR 


NOTES 
Damping resistors not required on 32R1220R/1221R/1222R versions. 
Limit DC current from RDX and RDY to 100 pA and load capacitance to 20 pF. In multi-chip application 
these outputs can be wire-OR’ed. 
The power bypassing capacitor must be located close to the device with its ground returned directly to | 
device ground, with as short a path as possible. 
To reduce ringing due to stray capacitance this resistor should be located close to the device. Where 
this is not desirable a series resistor can be used to buffer a long WC line. 


FIGURE 2: Applications Information 
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SSI 32R1220/1221/1222 
+5V, 2, 4-Channel Ferrite/MIG 


Read/Write Device 


PACKAGE PIN DESIGNATIONS 
(Top View) 


GND [| 1 
HOX [| 2 
HOY || 3 
H1X |] 4 


H1Y [] 5 


32R1221 


4 
Channels H2x || 6 32R1221 


H2Y || 7 


Channels 


H3X || 8 
H3Y || 9 


VCT || 10 


24-Pin SOL, SOV 16-Pin SOL, SON 


H1Y}/]6 32R1222 
4 
H2x {| 7 Channels 


24-Pin SOV 


Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use 
for final design. 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other 
rights of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. 
Silicon Systems reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to 
verify that the data sheet is current before placing orders. 
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el. SSI 32R2010R 
Jl SI SOLS r 10, 16-Channel Thin Film 
A TDK Group f Company Read/Write Device 

Advance Information Information 


December 1991 
DESCRIPTION FEATURES 
The SS! 32R2010R is an integrated read/write circuit ° High performance 
designed for use with two terminal heads in disk drive - Read Mode Gain = 150 Typ V/V 
systems. The device contains up to sixteen channels of : f 
read amplifiers and write drivers and also has an Input Noise = 0.58 nV/VHz typ. 
internal write current source. An internal 300Q damp- - Input Capacitance = 15 pF typ. 
ing resistor is supplied in write mode, which is switched - Write Current Range = 10 mA to 25 mA 
to 1 kQ in read mode. - Write Current Rise Time = 8 ns 
The circuit operates on +5V and +12V power supplies - Head Voltage Swing = 7 Vpp min 


and is available ina 16 channel52-pinpackage,orai0 , 


i 
channel, 36 pin SO package. Write unsafe detection 


°¢ Differential, ECL-like write data input 
¢ Open collector read data output 


¢ Switch from 3000 damping resistor to 1 kQ 
read input resistance 


¢ Power supply fault protection 
¢ +5V, +12V power supplies 


VDD1 GND VCC VDD2 5 23 
ooocr xX > x x > xX > 
cn = ene a SErRRESEERS EG 
an Ee Ge EE oes Es =) a) i 
50 49 48 47 46 45 44 43 40 
H11X [}1 39 [] Hay 
H11Y [(}2 38 [] H4x 
H12Xx [] 3 37 [] H3Y 
H12Y [| 4 36 [] H3X 
H13X [| 5 35 {] H2Y 
es H13Y [| 6 34 [] Hex 
Read at H14x [] 7 32R2010R - 16CG 33] H1Y 
Amplifier = £ 
. g H14Y [| 8 32 [| H1X 
H15X {] 9 31 [] HOY 
H15Y [] 10 30 {] HOX 


Read au G 
Preamplifier a we [11 29 1] GND 
J 


An N/C [| 12 28 1] CS 
Write 


Current -{ VDb2 [| 13 27 (| RW 
Switch g 16 17 18 19 20 
(16-Ch is) Cy Cy = [J LJ oo ‘RE ay Sy es Se ee fe Ce ee 
anne — oOo N w&- OO 
5285 '68828R BRGB 
Q oz 2 25 Irrtitieitegee«e 


52-Pin Plastic QFP 


: = CAUTION: Use handling procedures necessary 
1291 - rev. wt 1-95 for a static sensitive component. 


SSI 32R2010R 
10, 16-Channel Thin Film 
Read/Write Device 


FUNCTIONAL DESCRIPTION 


The SSI 32R2010R addresses up to 16 channels with 
logic control inputs which are TTL compatible. Head 
selection is accomplished as shown in Table 1. Mode 
selection is accomplished as shown in Table 2. The 
mode select inputs have internal pull up circuits so that 
if an input is open it will rise to the upper logic level and 
force the device into a non-writing condition. 


WRITE MODE 


In Write Mode (R/W andCS low) the circuit functions as 
a current switch. The Head Select Inputs HSO, HS1, 
HS2 and HS3 determine the selected head. The write 
data inputs (WDX, WDY) determine the polarity of the 
head current. 


The write current magnitude is adjusted by an external 
resistor, Rwc, from WC to GND, and is given by: 


lwc = Vwc/Rwc 
Note that actual head current, !hd, is: 


Ihd = Iwe / (1+ £4) + loffset 


where Rh is head resistance, Rd is write damping 
resistance and loffset is a constant DC offset current. 


WRITE MODE FAULT DETECT CIRCUIT 


Several circuits are dedicated to detecting fault condi- 
tions associated with the write mode. A logical high (off) 
level will be present at the Write Unsafe (WUS) ter- 
minal if any of the following write fault conditions are 
present: 


Open head circuit 

Head shorted to ground 

Write current transition frequency too low 
Write mode not logically selected 


The circuit will turn off write current when the head is 
shorted to ground to prevent excessive heat dissipa- 
tion. This results in a pulsating WUS signal. 
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After the fault condition is removed, two transitions of 
the write data input lines are required to clear WUS. 
The Write Unsafe output is open-collector and is usu- 
ally terminated by an external resistor connected to 
VCC. | 


Additionally, power voltage monitoring circuits are 
used to detect VCC and VDD1 voltage levels. If either 
is too low to permit valid data recording, write current is 
inhibited. 


READ MODE 


In Read Mode, (R/W high and CS low), the circuit 
functions as a low noise differential amplifier. The read 
amplifier input terminals are determined by the Head 
Select inputs. The read amplifier outputs (RDX, RDY) 
are open collector, requiring external load resistors 
connected to VCC. The amplifier gain polarity is non- 
inverting between HnX, HnY inputs and RDX, RDY 
outputs. 


The switch from write to read modes also changes the 
resistance across HnX and HnY from its write damping 
value of 3000 to its read mode input value of 1 kQ. 


IDLE MODE 


Taking CS high selects the idle mode which switches 
the RDX and RDY outputs into a high impedance state 
and deactivates the internal write current source. This 
facilitates multi device installations by allowing the 
read outputs to be wired OR’ed and the write current 
programming resistor to be common to all devices. 
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SSI 32R2010R 
10, 16-Channel Thin Film 
Read/Write Device 


TABLE 1: Head Select TABLE 2: Mode Select 


Head Selected 


PIN DESCRIPTIONS 
CONTROL INPUT PINS 


TYPE | DESCRIPTION © | - a | 
lll CA "rtd 


Chip Select Input. A logical low level enables the circuit for a read or write 
HSO, HS1, 
HS2, HS3 


operation. Has internal pull up. 
HEAD TERMINAL PINS 


Read/write select. A logical low level enables the write mode 
low). Has internal pull up. 

HOX-H15X, 

HOY-H15Y 

DATA INPUT/OUTPUT PINS 
Differential write data input. 
Differential Read Data output. These open collector outputs are normally 
terminated in 100Q resistors to VCC. 


EXTERNAL COMPONENT CONNECTION PINS 
WC Resistor connected to GND to provide desired value of write current. 


CIRCUIT MONITOR PINS 
WUS Write Unsafe is an open-collector output with the off-state indicating that 


2 
3 
4 
7 
8 
10 
11 
12 
13 
14 
15 


(when CS is 


X, Y Head connections: Current in the X-direction flows into the X-port. 


conditions are not proper for a write operation. 


POWER, GROUND PINS 
|vec | tt 45 Logic circuit supply. 
VDD1 | |_| +12 power supply. 


VDD2 Positive power supply for write current drivers. 
Power supply common. 
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SSI 32R2010R 
10, 16-Channel Thin Film 
Read/Write Device 


ELECTRICAL CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 


Positive Supply Voltage, VCC 
Supply Voltage, VDD1, 2 
Operating Junction Temperature -20 to +130 


POWER SUPPLY | | 
Unless otherwise specified, 4.65V < VCC < 5.35V, 10.8V < VDD1, 2 < 13.2V, 0°C < T (junction) < 125°C. 


Power Dissipation 

Positive Supply Current (ICC) 

(Includes RDX, RDY currents) 
m 


pa 
| 
Positive Supply Current (IDD1) }idleMode sd 
—s. 
Positive Supply Current (IDD2) _ Co 
Scans 
ace 


m 
m 
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SSI 32R2010R 
10, 16-Channel Thin Film 


Read/Write Device 
DC CHARACTERISTICS 


High-level Input Voltage VIH 
(CS, R/W, HSO, HS1, HS2, HS3, 
WDI) 


Low-level Input Voltage VIL 

(CS, R/W, HSO, HS1, HS2, HS3) 

High-level Input Current {IH VIH = 2.7V 
(CS, R/W, HSO, HS1, HS2, HS3) 

Low-level Input Current IIL VIL = 0.4V 
(CS, R/W, HSO, HS1, HS2, HS3) 

High-level Output Voltage VIH 

(WDX, WDY) 

Low-level Output Voltage VIL Vec - 1.45 
(WDX, WDY) 

High-level Output Current IIH 

(WDX, WDY) 

Low-level Input Current — IIL 

(WDX, WDY) 


Cua 
i 
it & 


CRON ONT 
= 
Miia 

2 
= 


< 
8 
S 


m 


Sod 
ie hen 
(denotes safe condition) 


(iva 
WUS, High Level Current VHUS = 5.0V 

(denotes unsafe condition) 
WRITE MODE 


Test Conditions (Unless otherwise specified). VCC = 4.65 to 5.35V, Tj = 0 to +125°C, VDD = 10.8 to 13.2V, 
Lh = 470 nH, Rh = 25Q, WDI Tr, Tf < 2 ns, lw = 20 mA. 


PARAMETER CONDITIONS 
Current Range, Iw (#5%) ees se 
Write Current Voltage, Wwe f 


Differential Head voltage Swing lw = 20 mA 
fitst CT C™~—CS 


Unselected Head 
Transient Current 


tested to minimize external 
coupling effects 


eas 

ae 

| | ma 
Q 


a 
me hd Rall 


Head Damping Resistance 


Differential Output 
Capacitance 
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| Dynamic Range Input voltage where AC 4 | 
gain falls to 90% of the gain 
with 0.5 mVpp input signal 


SSI 32R2010R 
10, 16-Channel Thin Film 
Read/Write Device 


FAULT DETECTION CHARACTERISTICS 
Test conditions same as Write Mode above (unless otherwise specified.) 


CHARACTERISTIC CONDITIONS | MIN | NOM 

VCC Value for Write In<1mA 4.0 | 4.65 V 

Current Turn off 

VDD Value for Write Ih<1mA 8. 

Current Turn off 

WDX, WDY Transition Frequency WUS = Low P40 f [| 
| Max Resistance Head to GND lw = 20 mA TBD 

for Short Detect 

Voltage Across Head for Iw= 10 to25 mA 

Open Circuit Detect | 


© 


READ MODE : 
Tests performed with 100Q load resistors from RDX and RDY to VCC. 


PARAMETER CONDITIONS 
Differential Voltage Gain Vin = 1 mVpp, f = 300 kHz 


Voltage Bandwidth (-3dB) Zs < 5Q, Vin = 1 mVpp 70 


| 50 
(igB) ft 0 


Input Noise Voitage Zs = 00, Vin = OV, | 
Power Bandwidth = 20 MHz 


Differential Input Capacitance Vin=0V,f=5MHz Rent 
Differential Input Resistance | Vin = OV, f = 5 MHz 


| Common Mode Rejection Ratio Vin = 100 mVpp, 0V DC 
f =5 MHz 
Power Supply Rejection Ratio VCC or VDD = 100 mVpp 
f =5 MHz 


Channel Separation Unselected channels are 
driven with Vin = 20 mVpp 
@ 5MHz 43 


Output Offset Voltage ey 
Output Leakage Current Idle Mode hae | 20 | 
Output Common Mode Votage | SSSSCS~*~«*i 


Output Voltage Compliance Adjust RDX, Y load voltage 
| source for <5% THD of either 
output. 
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SSI 32R2010R 
10, 16-Channel Thin Film 
Read/Write Device 


SWITCHING CHARACTERISTICS 
Test conditions same as Write Mode plus RDX, Y connected to VCC through 1000 resistors, WUS with 1 kQ 
to VCC. 


PARAMETER 


Idle to Read/Write Transition Time} Delay to 10 or 90% of Read 
Output or Write Current 


Read/Write to Idle Transition Time ee ce ee el 


Read to Write Transition Time VLCS = 0.8V, 
Delay to 90% of lw 


Write to Read Transition Time VLCS = 0.8V, Delay to 90% of 
10 MHz Read Signal, 100 mV 
envelope 


Head Select Switching Delay Read or Write Mode 


— 
Head Current Rise and Fall Times Lae 6 CUS 
10% to 90% Rh = 0Q 
lw=15mA, LH=1pH TBD 
a et 
L 
FS 


Head Current Rise and Fall 
Difference 


Head Current Switching Delay 50% WDI to 50% Iw 

Head Current Switching Delay WDX, WDY transitions 2 ns, 

Difference (Asymmetry) switching time symmetry 0.2ns 

Unsafe to Safe Delay After f(data) = 5 MHz 

Write Data Begins (WUS) Write Mode 

Unsafe to Safe Delay After 

Write Mode Selected (WUS) 

Safe to Unsafe Delay (WUS) After write mode fault cond- 
ition occurs 


Safe to Unsafe Delay (WUS) After exiting write mode 


*Tw is the period of the write data input. 


1291 - rev. 1-101 


SSI 32R2010R 
10, 16-Channel Thin Film 
Read/Write Device 


PACKAGE PIN DESIGNATIONS 


(Top View) 


THERMAL CHARACTERISTICS: @ ja 


36-LeadSOM_ | 45°C/(W 


HOX 
HOY 
H1X 
H1Y 
H2X 
H2Y 
H3X 
H3Y 
H4X 
H4Y 
H5X 
H5Y 
H6X 
H6Y 
H7X 
H7Y 
H8X 
H8Y 


Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use 


for final design. 


36 
35 
34 
33 
32 
31 
30 
29 


9 28 
32R2010R 


10 10CM 27 


11 
12 
13 
14 
15 
16 
17 
18 


36-Pin SOM 


26 
25 
24 
23 
22 
21 
20 
19 


SEEEEESERE SES 
52 51 50 49 48 47 46 45 44 43 42 41 40 
H11X [f1 H4Y 
H11Y H4X 
H12X H3Y 
H12Y H3X 
H13X H2Y 
H13Y H2x 
H14X 32R2010R - 16CG H1Y 
H14Y | H1X 
H15X HOY 
H15Y HOX 
NIC GND 
NIC 28 |] CS 
VvOD2 27 |] RW 
16 17 18 19 20 21 22 23 
52-Pin Plastic QFP 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other 
rights of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. 


Silicon Systems reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to 
verify that the data sheet is current before placing orders. 
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f SSI 32R2015R 
: 16-Channel Thin Film 
JI Ld Read/Write Device 


A TDK Group f Company 


Advance Information 


December 1991 


DESCRIPTION FEATURES 


The SSI 32R2015R is an integrated read/write circuit °¢ High performance 

designed for use with two terminal heads in disk drive - Read Mode Gain = 150 Typ V/V 
systems. The device contains sixteen channels of read ; - a> 
amplifiers and write drivers and also has an internal put Nolze:= Ce HNN UD: 


write current source. An internal 300Q damping resis- - Input Capacitance = 15 pF typ. 

tor is supplied in write mode, which is switched to 1 kQ - Write Current Range = 10 mA to 25 mA 
in read mode. - Write Current Rise Time = 8 ns 

The circuit operates on +5V and +12V power supplies - Head Voltage Swing = 7 Vpp min 

and is available in a 52-pin package. © Write unsafe detection 


¢ TTL write data input 
¢ Open collector read data output 


¢ Switch from 300Q damping resistor to 1 kQ 
read input resistance 


¢ Power supply fault protection 
e 6+5V, +12V power supplies 


BLOCK DIAGRAM PIN DIAGRAM 
VDD1 GND voc vVDD2 
a) 
preetemets gESeeEEER BEES 
C3 — an a EJ C} ft) 


H11X [} 1 39 |] H4Y 
H11¥ [{}2 38 [] H4X 
H12x [] 3 37 [] H3Y 
H12Y [| 4 36 |] H3X 
H13x [] 5 35 |] H2Y 
H13Y [| 6 34 |] H2x 
H14X [| 7 33 1] H1Y 
H14Y [| 8 32 |} H1X 
H15X [] 9 31 [] HOY 
H15y []10 30 1] HOX 
Biecnpiier (UE Nic []11 29 1} GND 
write “ N/C [] 12 28 1] CS 


Current “ 
Switch Be VDD2 [} 13 27 {] RW 


(16-Channels) 


vo01 [| 
GND [ 
WUS [] 
NC [ 
woi [ 
VCC [} 
HS3 [] 
HS2[] 
HS1[, 
HS0 [| 
RDX [] 
RDY {} 
WC [] 


Write 
Transition 
Detect 


52-Pin Plastic QFP 


CAUTION: Use handling procedures necessary 
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SSI 32R2015R 
16-Channel Thin Film 
_ Read/Write Device 


FUNCTIONAL DESCRIPTION 


The SSI 32R2015R addresses up to 16 channels with 
logic control inputs which are TTL compatible. Head 
selection is accomplished as shown in Table 1. Mode 
selection is accomplished as shown in Table 2. The 
mode select inputs have internal pull up circuits so that 
if an input is open it will rise to the upper logic level and 
force the device into a non-writing condition. 


WRITE MODE 


In Write Mode (R/W andCS low) the circuit functions as 
a current switch. The Head Select Inputs HSO, HS1, 
HS2 and HS3 determine the selected head. Write 
current is toggled between the X and Y direction of the 
selected head on each high to low transition on pin 
WDI, Write Data Input. 


A preceding read operation initializes —_ Data 
Flip-Flop (WDFF) to pass data in the X-direction of the 
head. The write current magnitude is adjusted by an 
external resistor, Rwc, from WC to GND, and is given 
by: 

lwc = Vwc/Rwc 
Note that actual head current, Ihd, is: 


Ihd = Iwe / (1+ 24) + loffset 


where Rh is head resistance, Rd is write damping 
resistance and loffset is a constant DC offset current. 


WRITE MODE FAULT DETECT CIRCUIT 


Several circuits are dedicated to detecting fault condi- 
tions associated with the write mode. A logical high (off) 


level will be present at the Write Unsafe (WUS) ter- | 


minal if any of the following write fault conditions are 
present: 


e Open head circuit 

¢ Head shorted to ground 

¢ Write current transition frequency too low 
e Write mode not logically selected 


The circuit will turn off write current when the head is 
shorted to ground to prevent excessive heat dissipa- 
tion. This results in a pulsating WUS signal. 


After the fault condition is removed, two negative 
transitions of WDI are required to clear WUS. © 


The Write Unsafe output is open-collector and is USU- 
ally terminated by an external resistor connected to 
VCC. 


Additionally, power voltage monitoring circuits are 
used to detect VCC and VDD1 voltage levels. If either 
is too low to permit valid data recording, write current is 
inhibited. | 


READ MODE 


In Read Mode, (R/W high and cs low), the circuit 
functions as a low noise differential amplifier. The read 
amplifier input terminals are determined by the Head 
Select inputs. The read amplifier outputs (RDX, RDY) 
are open collector, requiring external load resistors 
connected to VCC. The amplifier gain polarity is non- 
inverting between HnX, HnY inputs and RDX, RDY 
outputs. 


The switch from write to read modes also changes the 
resistance across HnX and HnY from its write damping 
value of 3000 to its read mode input value of 1 kQ. 


IDLE MODE 


Taking CS high selects the idle mode which switches 
the RDX and RDY outputs into a high impedance state 
and deactivates the internal write current source. This 
facilitates multi device installations by allowing the 
read outputs to be wired OR’ed and the write current 
programming resistor to be common to all devices. 
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SSI 32R2015R 
16-Channel Thin Film 
Read/Write Device 


TABLE 1: Head Select TABLE 2: Mode Select 


PIN DESCRIPTIONS 
CONTROL INPUT PINS 


|NAME | TYPE | DESCRIPTION 
P| Sens ee eres 

operation. Has internal pull up. 
low). Has internal pull up. 


HSO, HS1, Head select inputs. Logical combinations select one of ten heads. 
HS2, HS3 


See Table 1. Has internal 
HOX-H15X, 
HOY-H15Y 


pull down resistors. 


Differential Read Data output. These open collector outputs are normally 
terminated in 100Q resistors to VCC. , : 


Write Unsafe is an open-collector output with the off-state indicating that 
conditions are not proper for a write operation. 


a ae +5V Logic circuit supply. 

leecect hen cd +12V power supply. 

| 1 __|_ Positive power supply for write current drivers. 
| || Power supply common. | 
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SSI 32R2015R 
16-Channel Thin Film 
Read/Write Device 


ELECTRICAL CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS 


input Voltages 


HSO, HS1, HS2, HS3, CS, R/W, WDI -0.2 to VCC + 0.2 
Head Inputs (Read Mode) 


lies Ne 


Current Reference (WC) | -80 mA to 1.0 mA 
Head Outputs (Write Mode) -80 mA to 1.0 mA 


POWER SUPPLY a 3 | | 
Unless otherwise specified, 4.65V < VCC < 5.35V, 10.8V < VDD1, 2 < 13.2V, 0°C < T (junction) < 125°C. 


Power Dissipation |\dlemode [| | 160 | TBD | 
fReadmode ———SS«|_—«|a00*| TBO 
rs 
[ReadMode | 
Wite Mods 
— 
Ls 
od 
— 
Lae! 
ae 


Positive Supply Current (ICC) 
(Includes RDX, RDY currents) 


Positive Supply Current (IDD1) 


Positive Supply Current (IDD2) 


TBD 
TBD 
780 
Pai | 80 
[80 
[80 
[80 
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SSI 32R2015R 
16-Channel Thin Film 
Read/Write Device 


DC CHARACTERISTICS 


PARAMETER CONDITIONS 


High-level Input Voltage VIH 8 


(CS, RW, HSO, HS1, HS2, HS3, 
VIH = 2.7V 


WDI) 


Low-level Input Voltage VIL 
(CS, R/W, HSO, HS1, HS2, HS3, 
WD!) 


High-level Input Current IIH 
(CS, R/W, HSO, HS1, HS2, HS3, 
WDI) 


Low-level Input Current — IIL VIL = 0.4V 
(CS, R/W, HSO, HS1, HS2, HS3, 
WDI) 
WUS, Low Level Voltage ILUS = 8 mA 
(denotes safe condition) 
WUS, High Level Current VHUS = 5.0V 
(denotes unsafe condition) 


WRITE MODE 
Test Conditions (Unless otherwise specified). VCC = 4.65 to 5.35V, Tj = 0 to +125°C, VDD = 10.8 to 13.2V, 
. Lh = 470 nH, Rh = 25Q, WDI Tr, Tf < 2 ns, lw = 20 mA. | 


|PARAMETER | CONDITIONS =| MIN 
| Current Range, w(t5%) | —s—‘—SCsYSt 
| Write Current Voltage, wwe | 
Differential Head voltage Swing 
floftst sid 
el 


2.0 V 


Unselected Head lw = 20 mA, Lh = 0.8 LH, 
Transient Current Rh = 25Q, Non adjacent heads 
tested to minimize external 

coupling effects 


Head Damping Resistance 


| Differential Output 
Capacitance 
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SSI 32R2015R 
16-Channel Thin Film 
Read/Write Device 


FAULT DETECTION CHARACTERISTICS 
Test conditions same as Write Mode above (unless otherwise specified.) 


CHARACTERISTIC CONDITIONS | min | NOM) 
VCC Value for Write Ih<1imA 4.0 
Current Turn off 

VDD Value for Write Ih<1mA 8.8 

Current Turn off | 

WDI Transition Frequency WUS = Low | 20, 
Max Resistance Head to GND TBD 

for Short Detect 

Voltage Across Head for lw=10to25mA 1.6 V 
Open Circuit Detect | 


READ MODE 
Tests performed with 100Q load resistors from RDX and RDY to VCC. 


PARAMETER — CONDITIONS 
Differential Voltage Gain Vin = 1 mVpp, f = 300 kHz 


Voltage Bandwidth (-3dB) Zs < 5Q, Vin = 1 mVpp 
(0B) a 


| 50 | 70 

Input Noise Voltage Zs = 00, Vin = OV, 0.84 

Power Bandwidth = 20 MHz | 

Vin = OV, f = 5 MHz a pF 
i | 400 Q 


Differential Input Resistance Vin = OV, f = 5 MHz 


| 150 | 180 | 
ee a 
Nal lieth 
| 15 | 26 | 
| | 1500 
Dynamic Range Input voltage where AC 4 Ee 
gain falls to 90% of the gain 7 
with 0.5 mVpp input signal 
| | 360 | 
| | 20 


Vin = 100 mVpp, OV DC 
f=5MHz | 

Power Supply Rejection Ratio VCC or VDD = 100 mVpp 
f =5 MHz 


Unselected channels are 

driven with Vin = 20 mVpp 

@ 5MHz 43 
Idle Mode a 

Output Common Mode Voltage | —SSSSCSCSC*(C-08| v0 -05| voo.-08 


Output Voltage Compliance Adjust RDX, Y load voltage 
source for <5% THD of either 
output. 
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SSI 32R2015R 
16-Channel Thin Film 
Read/Write Device 


SWITCHING CHARACTERISTICS 
Test conditions same as Write Mode plus RDX, Y connected to VCC through 100Q resistors, WUS with 1 kQ 
to VCC. 


PARAMETER CONDITIONS 


Idle to Read/Write Transition Time} Delay to 10 or 90% of Read 
Output or Write Current 


Read/Write to Idle Transition Time eee ee 


Read to Write Transition Time VLCS = 0.8V, 
| Delay to 90% of lw 
Write to Read Transition Time VLCS = 0.8V, Delay to 90% of 
10 MHz Read Signal, 100 mV 


envelope 


Head Select Switching Delay Read or Write Mode a 
Head Current Rise and Fall Times] lw = 25 mA, LH = 0 nH ie 
10% to 90% Rh = 0Q 
lw = 15 mA, LH = 1 pH TBD 
Rh = 45Q 


Head Current Rise and Fall 
Difference 


Head Current Switching Delay 50% WDI to 50% Iw 

Head Current Switching Jitter WDI transitions 2 ns, 

(Asymmetry) Switching time symmetry 0.2 ns 

Unsafe to Safe Delay After f (data) = 5 MHz 

Write Data Begins (WUS) 

Unsafe to Safe Delay After 

Write Mode Selected (WUS) 

Safe to Unsafe Delay (WUS) After write mode fault cond- 
ition occurs 


Safe to Unsafe Delay (WUS) After exiting write mode 


“Tw is the period of the write data input. 


SSI 32R2015R 
16-Channel Thin Film 
Read/Write Device 


PACKAGE PIN DESIGNATIONS eo SS5> xe xr xe eZX 
‘s 2 <& LT Ez xe ZS Ze TZ SE <= xt 
50 46 44 
H11X [] 1 H4Y 
| , H11Y H4X 
THERMAL CHARACTERISTICS: 6ja 
H12X H3Y 
52-Lead QFP 50°C/W Hi2Y H3X 
H13X H2Y 
H13Y H2X 
H14X HIY 
H14Y H1X 
Hi5X HOY 
Hi5Y HOX 
N/C GND 
N/C 281] ¢S 
VDD2 2717] RW 
16 17 18 19 20 21 22 23 
2 B68 oO = o.8 ae ous SS 
ess283 925888 = 


52-Pin Plastic QFP 


Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use 
for final design. 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other 
rights of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. 
Silicon Systems reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to 
verify that the data sheet is current before placing orders. 
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A TDK Group f Company 


silicon o- 


DESCRIPTION 


The SSI 32R2020R/2021R are bipolar monolithic inte- 
grated circuits designed for use with two-terminal re- 
cording heads. They provide a low noise read ampli- 
fier, write current control, and data protection circuitry 
for up to ten channels. The SSI 32R2020R/2021R 
provide internal 320Q damping resistors. Damping 
resistors are switched in during write mode and 
switched out during read mode. Power supply fault 
protection is provided by disabling the write current 
generator during power sequencing. System write to 
read recovery time is significantly improved by control- 
ling the read channel common mode output voltage 
shift in the write mode. The 32R2021R option provides 
the user with a controllable write current adjustment 
feature. 


The SSI 32R2020R/2021R require only +5V power 
supplies and are available in a variety of packages. 
They are hardware compatible with the 32R4610A/ 
4611A read/write devices. 


BLOCK DIAGRAM 


vcci GND WUS voce 


SWITCHES 
(%4) 


VOLTAGE 


SSI 32R2020R/2021R 
5V, 2, 4, 6, 10-Channel 
Thin-Film Read/Write Device 


Advance Information 


December 1991 


FEATURES 


e §6+5V +10% supply 

e Low power 
- PD = 130 mW read mode (Nom) 
- PD = 5 mW idle (Max) 

¢ High Performance: 
- Read mode gain = 300 V/V 
- Input noise = 0.56 nV/VHz (Nom) 
- Input capacitance = 15 pF (Nom) 
- Write current range = 5-35 mA 

¢ Self switching damping resistance 


* Designed for two-terminal thin-film or MIG 
heads with inductance up to 5.0 pH 


°¢ Pin compatible with the 32R4610AR/4611AR 
¢ Write unsafe detection 

¢ Power supply fault protection 

¢ Head short to ground protection 


PIN DIAGRAM 


32R2020R 
4 


Channels 


20-PIN SOL 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 


WCAD4J available on the 32R2021R 24-pin option only 


SSI 32R2020R/2021R 
5V, 2, 4, 6, 10-Channel 
_ Thin-Film Read/Write Device 


CIRCUIT OPERATION 


The SSI 32R2020R/2021R have the ability to address up to 10 two-terminal heads and provide write drive or read 
amplification. Mode control and head selection are described in Tables 1 and 2. The TTL inputs R/W and CS have 
internal pull-up resistors to prevent an accidental write condition. HSO and HS1 have internal pulldowns. Internal 
clamp circuitry will protect the IC from a head short to ground condition in any mode. : 


TABLE 1:ModeSelect TABLE 2: Head Select 


PIN DESCRIPTION 


/NAME —s|_—s TYPE =| DESCRIPTION 


HSO, HS1, t _—e 
| HS2, HS3 | Head Select: selects one of ten heads 


/TS | t_ | Chip Select: a high inhibits the chip 
PRW ot] Read/Write : a high selects Read mode 


Write Unsafe: a high indicates an unsafe writing condition © 


Write Data In: changes the direction of the current in the recording head © 


HOX - H3X; 

HOY - H3Y ie) X, Y Head Connections 

RDX, RDY t+ f Oo! X, Y Read Data: differential read data output 
wet} Write Current: used to set the magnitude of the write current 


WCADJ* + Write Current Adjust: Used to fine tune the write current 


pvect 


+5V Supply 


+5V Supply for Write current drivers 


* Available on 32R2021R 24-pin option only 
t When more that one R/W device is used, signals can be wire OR'ed 
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WRITE MODE 


Taking both CS and R/W low selects write mode which 
configures the SSI 32R2020R/2021R as a current 
switch and activates the Write Unsafe (WUS) detector 
circuitry. Head current is toggled between the X and Y 
side of the selected head on each high to low transition 
of the Write Data Input (WDI). Note that a preceding 
read or idle mode select initializes the Write Data Flip- 
Flop to pass write current through the “X” side of the 


head. The magnitude of the write current (0-pk) is 
given by: P 
wa KeVWwe 
RWC 


RWC is connected from pin WC to GND. Note the 
actual head current Ix, y is given by: 


lw 


xk,y=—_——- 
1+ Rh/Rd 


Where: 
Rh = Head resistance plus external wire 
resistance 
Rd = Damping resistance 


In write mode a 320Q damping resistor is switched in 
across the Hx, Hy ports. 


The 32R2021R adds a feature which allows the user to 
adjust the Iw current by a finite amount. The WCADJ 
pinis used to adjust write current for write operations on 
different zones of the disk. It is used by switching a 
separate write current adjust resistor in and out on the 
WCAD pin or by connecting a DAC to that pin to sink 
a controllable amount of current. The WCAD4J pin is 
nominally biased to VCC/2. Sinking current from this 
pin to ground will divert a proportional amount of 
current from the actual head current while maintaining 
a constant current through the WC resistor and VCC. 
Allowing WCADJ to float or pulling it high will cut off the 
Circuit and it will have no effect. A TTL gate can be used 
as a switch with a small degradation in accuracy. The 
amount of write current decrease is shown below: 


lw head (decrease) (mA) = (29 » Vwcabw/Rwcaby) 
where: 

VwcabJ = Vcc/2 (volts) 

RwcabJ = write current adjust setting resistor (kQ) 


Example: For a 7.25 mA head current decrease, 
RwcabJ = (29 « 2.5) / 7.25 = 10 kQ 


SSI 32R2020R/2021R 
5V, 2, 4, 6, 10-Channel 
Thin-Film Read/Write Device 


VOLTAGE FAULT 


A voltage Fault detection circuit improves data security 
by disabling the write current generator during a volt- 
age fault or power startup regardless of mode. 


WRITE UNSAFE 

Any of the following conditions will be indicated as a 
high level on the Write Unsafe, WUS, open collector 
output. 


e WDI frequency too low 
« Device in Read mode 
e Chip disabled 

e No head current 

¢ Head opened 


To insure no false WUS trigger, the product of head 
current and head resistance (Ixy * RH) should be 
between 100 mV and 1.7V. 


After the fault condition is removed, one negative 
transition on WDI is required to clear WUS. 


READ MODE 


The Read mode configures the SSI 32R2020R/2021R 
as a low noise differential amplifier and deactivates the 
write current generator. The damping resistor is 
switched out of the circuit allowing a high impedance 
input to the read amplifier. The RDX and RDY output 
are driven by emitter followers. They should be AC 
coupled to the load. The (X,Y) inputs are non-inverting 
to the (X,Y) outputs. 


Note that in Idle or Write mode, the read amplifier is 
deactivated and RDX, RDY outputs become high im- 
pedance. This facilitates multiple R/W applications 
(wired-OR RDX, RDY) and minimizes voltage drifts 
when switching from Write to Read mode. Note also 
that the write current source is deactivated for both the 
Read and Idle mode. 


IDLE MODE 

Taking CS high selects the idle mode which switches 
the RDX and RDY outputs into a high impedance state 
and deactivates the device. Power consumption inthis 
mode is held to a minimum. 
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SSI 32R2020R/2021R 
5V, 2, 4, 6, 10-Channel 
Thin-Film Read/Write Device 


ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may permanently damage the device. 


a 
DC Supply Voltage VCcCct 

voce 
Pwaecuet we 


Output Current: RDX, RDY 


~ RECOMMENDED OPERATING CONDITIONS 


DC Supply Voltage VCC1 = VCC2 5 +10% 
Operating Junction Temperature +25 to +110 
Recommended Head Load Range "  sctseata AE eid 


DC CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. 


[PARAMETER | CONDITIONS ‘| MIN 
VCC1 Supply Current | ReadMode = (“asi ess 
| WriteMode | 
ee 
| ReadMode | 
ie eee 
ae 

Ethel 

foe 

a 

135 


VCC2 Supply Current 


Power Dissipation 
| 145 + 4lw 


| NOM | 
[20 | 
| 25 
| 0.6 
[estes 
. 
| 135 | 1 
145 + Aim | 
La a 
| 3.9 | 
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SSI 32R2020R/2021R 
5V, 2, 4, 6, 10-Channel 
Thin-Film Read/Write Device 


DIGITAL INPUTS 


CONDITIONS [MIN 
| InputLowvottage(vily | 
CS a es Es 
| inputLowCurrent | Vib=osv | 

a 


Input High Current VIH = 2.0V 
WUS Output Low Voltage (VOL) | lol =2 mA max 


WRITE CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. 


Ihead(Decrease)/Iwcabs 
SSI 32R2021R 
IwcadJs Range 
SSI 32R2021R 
Differential Head Voltage Swing lh(p-p) * Rh not to exceed 
3.4V (head swing min) 3.4 


Unselected Head Current 


Head Differential Load 
Capacitance 

Head Differential Load 
Resistance (Rd) 


WDI Pulse Width Vil = 0.2V 


wits Carer Rarge tw) [ 


READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. CL (RDX, RDY) < 20 pF, 
RL (RDX, RDY) = 1 kQ. 


Differential Voltage Gain Vin = 1 mVpp @1 MHz | 250 | 3 
Voltage BW -1dB [Zs] < 5Q, Vin = 1 mVpp | 20 | 
se co 


Input Noise Voltage BW = 15 MHz, Lh=0, Rh=0 
Differential Input Capacitance Vin = 1 mVpp, f = 5 MHz 
Differential Input Resistance Vin = 1 mVpp, f = 5 MHz 
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SSI 32R2020R/2021R 
5V, 2, 4, 6, 10-Channel 
Thin-Film Read/Write Device 


READ CHARACTERISTICS (Continued) | | 
Recommended operating conditions apply unless otherwise specified. CL (RDX, RDY) < 20 pF, 
RL (RDX, RDY) = 1 kQ. - | 


PARAMETER 


AC input voltage where gain 
falls to 90% of its small signal 
gain value, f = 5 MHz 


100 mVpp @ 5 MHz on VCC 


Unselected channels driven 
with Vin = 0 VDC + 100 mVpp 


AC coupled load, RDX to RDY 
RDX, RDY Common Mode 
Output Voltage | 
- SWITCHING CHARACTERISTICS 


Recommended operating conditions apply unless otherwise specified. IW = 20 mA, Lh = 1.0 pH, Rh = 30Q 
_ f(Data) = 5 MHz. | : 


RW Read to Write R/W to 90% of write current 


Write to Read R/W to 90% of 


100 mV Read signal envelope 


cs Unselect to Select CS to 90% of write current or 
to 90% of 100 mV 10 MHz 


Select to Unselect 


HSO,1 to any Head 


WUS: Safe to Unsafe (TD1) Write mode, loss of WDI_ - 
transitions. Defines maximum 
WDI period for WUS operation 


Unsafe to Safe (TD2) Fault cleared from first neg 
| WDI transition 


Head Current: | Lh=0, Rh=0 
WDI to Ix - ly (TD3) from 50% points 


Asymmetry WDI has 1 ns rise/fall time 


Rise/fall Time 10% to 90% points 


1-116 1291 - rev. 


SSI 32R2020R/2021R 
5V, 2, 4, 6, 10-Channel 
Thin-Film Read/Write Device 


HEAD 
CURRENT 


(Ix - ly) 


FIGURE 1: Write Mode Timing Diagram 


Worst Case Read Input Noise Voltage vs. Input Impedance for SSI 32R2020R/2021R 


Case 1: IC Base sheet resistance = Maximum 
Hence, IC bias current = Minimum 


a ee 
pF 


Case 2: IC Base sheet resistance = Minimum 
Hence, IC bias current = Maximum 


po Teese | T= ttorc | Units 
nvNHz 


a 

eal 
=| & 
N 
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SSI 32R2020R/2021R 
5V, 2, 4, 6, 10-Channel 
Thin-Film Read/Write Device 


PACKAGE PIN DESIGNATIONS 
(Top View) 


32R2021R H2Y [] 6 32R2020R 19 [] RDXx Hey [] 6 RDY 
4 6 


Channels H3x [] 7 Channels 1g |] Hso H3X || 7 RDX 


H3Y [| 8 17 |] HS1 H3Y [| 8 HSO 


32R2020R 
H4x [] 9 16 |] Hs2 Hax [] 9 10 HS1 
Channels 
Hay [| 10 15 || vec Hay [] 


H5X [] 11 14 |} wol Hsx [] 


H5Y [] 12 13 || wus H5Y [] 


24-Pin SOL, SOV 24-Pin SOV Hex [] 


32R2020R 


36-Pin SOM 


2 


Channels 32R2020R 
4 


Channels 


16-Pin SOL 


20-Pin SOL, SOV 


Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for 
final design. 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 
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DESCRIPTION 


The SSI 32R2030A/2031A are bipolar monolithic inte- 
grated circuits designed for use with two-terminal thin- 
film recording heads. They provide a low noise read 
amplifier, write current control, and data protection 
Circuitry for up to four channels. The SSI 32R2030AR/ 
2031AR option provides internal 700Q damping resis- 
tors. Power supply fault protection is provided by 
disabling the write current generator during power 
sequencing. System write to read recovery time is 
significantly improved by controlling the read channel 
common mode output voltage shift in the write mode. 
The 32R2031A option provides for an additional fea- 
ture providing the user with a controllable write current 
adjustment feature. 


The SSI 32R2030A/2031A require only +5V power 
supplies and are available in a variety of packages. 


BLOCK DIAGRAM 


vcc1 GND wus vcc2 


WRITE 
UNSAFE 


: REFERENCE |. 
DETECTOR |: 


VOLTAGE |. 


READ 
PREAMPS 
AND WRITE 
CURRENT 
SWITCHES 
(4) 


|] VOLTAGE | 
| FAULT |: 


'| DETECTOR[ 


we WCADJ 


SSI 32R2030A/2031A 
5V, 2, 4-Channel Thin-Film 
Read/Write Device 


Advance Information 


December 1991 


FEATURES 


°¢ 5V+10% 
e Low power 
- PD = 175 mW read mode (Nom) 
¢ High Performance: 
- Read mode gain = 250 V/V 
- Input nolse = 0.85 nV/VHz max 
= Input capacitance = 35 pF max 
= Write current range = 10-35 mA 


¢ Designed for two-terminal thin-film heads or 
MIG heads up to 5 WH 


¢ Programmable write current source 

°¢ Write unsafe detection 

¢ Enhanced system write to read recovery time 
¢ Power supply fault protection 

¢ Head short to ground protection 


PIN DIAGRAM 


32R2030A 


4 
Hix Channels 


20-PIN SOL 


CAUTION: Use handling procedures necessary 
for a Static sensitive component. 


H3Y 


WCADJ available on the 32R2031A 24-pin option only 


SSI 32R2030A/2031A 
5V, 2, 4-Channel Thin-Film 
Read/Write Device 


CIRCUIT OPERATION 


The SSI 32R2030A/2031A has the ability to address up to 4 two-terminal thin-film heads and provide write drive 
orread amplification. Head selection and mode control are described in Tables 2 and3. The TTL inputs R/W and 
CS have internal pull-up resistors to prevent an accidental write condition. HSO, and HS1 have internal pulldowns. 
Internal clamp circuitry will protect the IC from a head short to ground condition in any mode. 


TABLE 1: Mode Select | TABLE 2: Head Select 


PIN DESCRIPTION 


TYPE DESCRIPTION 7 


Head Select: selects one of four heads 


Chip Select: a high inhibits the chip 


Read/Write : a high selects Read mode 
Write Unsafe: a high indicates an unsafe writing condition 


HSO, HS1 | 


O 
” 


R/W + 

US t 
WDI + 
+ 


HOX - H7X; | 
HOY - H7Y 


RDX,RDY _—it 


X, Y Read Data: differential read data output 


Write Current: used to set the magnitude of the write current 


WCADJ* t Pl Write Current Adjust: Used to decrease the write current by a finite amount 


VCC1 +5V Supply 

VCC2 +5V Supply for Write current drivers 
GND Ground 

*Available on 32R2031A 24-pin option only 

t These signals can be wire OR'ed 


O 
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WRITE MODE 


Taking both CS and R/W low selects write mode which 
configures the SSI 32R2030A/2031A as a current 
switch and activates the Write Unsafe (WUS) detector 
circuitry. Head current is toggled between the X and Y 
side of the selected head on each high to low transition 
of the Write Data Input (WDI). The WDI input pulse 
width requirement is amplitude dependent and pull ups 
are recommended at higher data rates, please refer to 
the WDI pulse width specifications. Note that a preced- 
ing read or idle mode select initializes the Write Data 
Flip-Flop to pass write current through the “X” side of 
the head. The magnitude of the write current (0-pk) is 


given by: Ke VWC 
~ RWC 


RWC is connected from pin WC to GND. Note the 
actual head current Ix, y is given by: 


IW 


Iw 


kx, y=-——_—_—_ 
1+ Rh/Rd 


Where: 
Rh = Head resistance plus external wire 
resistance 
Rd = Damping resistance 


Any of the following conditions will be indicated as a 
high level on the Write Unsafe, WUS, open collector 
output. 


¢ WDI frequency too low 
¢« Device in Read mode 
¢ Chip disabled 

¢ No write current 


After fault condition is removed, one negative transition 
on WDI is required to clear WUS. 


The 32R2031A adds a feature which allows the user to 
adjust the lw current by a finite amount. The WCADJ 
pinis usedto adjust write current for write operations on 
different zones of the disk. It is used by switching a 
separate write current adjust resistor in and out on the 
WCADzg pin or by connecting a DAC to that pin to sink 
a controllable amount of current. The WCADJ pin is 
nominally biased to VCC/2. Sinking current from this 
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SSI 32R2030A/2031A 
5V, 2, 4-Channel Thin-Film 
Read/Write Device 


pin to ground will divert a proportional amount of 
current from the actual head current while maintaining 
a constant current through the WC resistor and VCC. 
Allowing WCAD\ to float or pulling it high will cut off the 
circuit and it will have no effect. For example, if the 
nominal head current is set to 30 mA through WC with 
WCAD4J open, then for a 7.25 mA head current de- 
crease, a 10 kQ resistor would be connected from the 
WCAD24J pin to ground. A TTL gate could be used as a 
switch with a small degradation in accuracy. To per- 
form the same function, a DAC could be used, by 
programming it to sink 0.25 mA from the WCAD4J pin. 


Iw head (Decrease) = (29 * Vwcabs / Rwcaby) 
Where: 

VWCAD4J = Voltage on WCADJ pin = VCC/2 
RWCAD4J = Write current adjust setting resistor 
VOLTAGE FAULT 


A voltage Fault detection circuit improves data security 
by disabling the write current generator during a volt- 
age fault or power startup regardless of mode. 


READ MODE 


The Read mode configures the SSI 32R2030A/2031A 
as a low noise differential amplifier and deactivates the 
write current generator. The RDX and RDY output are 
driven by emitter followers. They should be AC coupled 
to the load. The (X,Y) inputs are non-inverting to the 
(X,Y) outputs. 


Note that in Idle or Write mode, the read amplifier is 
deactivated and RDX, RDY outputs become high im- 
pedance. This facilitates multiple R/W applications 
(wired-OR RDX, RDY) and minimizes voltage drifts 
when switching from Write to Read mode. Note also 
that the write current source is deactivated for both the 
Read and Idle mode. 


IDLE MODE 


Taking CS high selects the idle mode which switches 
the RDX and RDY outputs into a high impedance state 
and deactivates the device. Power consumption inthis 
mode is held to a minimum. 


SSI 32R2030A/2031A 
5V, 2, 4-Channel Thin-Film 
Read/Write Device 


ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may permanently damage the device. 


PARAMETER : RATING 
DC Supply Voltage -0.3 to +7 
| -0.3 to +7 


DC Supply Voltage vec 
vece 


DC CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. 


PARAMETER CONDITIONS 


VCC1 Supply Current Read Mode (Vcc +5%) 
(Vcc +10%) 

Write Mode (Vcc +5%) 
(Voc +10%) 1 

*Idle Mode (Vcc +5%) 


Nh 


| *Head Select Pins 


(HS0, HS1) Floating (Voc +10%) 
VCC2 Supply Current Read Mode (Vcc +5%) 
(Voc +10%) | 8 | 12 | m_| 
Write Mode (Vcc +5%) __ 
(Voc #10%) 
idleMode (Voc +5%) | mA | 
(Voc +10%) | 0. | mA | 


voz | 04 | ma 
cave [eso | mw 
Pe mw 


Power Dissipation Read Mode (Vcc +5%) 
(Vcc +10%) 
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SSI 32R2030A/2031A 
5V, 2, 4-Channel Thin-Film 
Read/Write Device 


DC CHARACTERISTICS (Continued) 


Idle Mode (Vcc +5%) 
(Vcc +10%) 


WRITE CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. 


WCADJ Voltage 
SSI 32R2031A/2031AR 


lhead(Decrease)/Iwcaby 
SSI 32R2031A/2031AR 


IwcaDs Range 
SSI 32R2031A/2031AR 


Differential Head Voltage Swing Ih (p-p) * Rh not to exceed 
3.4V (Head Swing Min) 


Unselected Head Current 


Head Differential Load 
Capacitance 


WDI Pulse Width 
(Ref: Figure 1) 
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SSI 32R2030A/2031A 
5V, 2, 4-Channel Thin-Film 
Read/Write Device 


READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. CL (RDX, RDY) < 20 pF, 
RL (RDX, RDY) = 1 kQ. : 


Differential Voltage Gain 
Voltage BW 


Vin = 1 mVpp, f = 5 MHz 
SSI 32R2030A/2031A 


SSI 32R2030AR/2031AR 


AC input voltage where gain 
falls to 90% of its small signal 


gain value, f = 5 MHz 


Unselected channels driven 


RDX, RDY Common Mode 
Output Voltage 
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SSI 32R2030A/2031A 
5V, 2, 4-Channel Thin-Film 
Read/Write Device 


SWITCHING CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. IW = 20 mA, Lh = 1.0 #H, Rh = 30Q 
f(Data) = 5 MHz. 


PARAMETER CONDITIONS 
W Read to Write R/W to 90% of write current 


Write to Read R/W to 90% of 
100 mV Read signal envelope 


CS to 90% of write current or 
to 90% of 100 mV 10 MHz 


Select to Unselect CS to 10% of write current 


HSO,1 to any Head To 90% of 100 mV 10 MHz 
Read signal envelope 


WUS: Safe to Unsafe (TD1) Write mode, loss of WDI 
transitions. Defines maximum 
WDI period for WUS operation 


Fault cleared from first neg 
WDI transition 

Lh=0, Rh=0 

from 50% points 


WDI has 1 ns rise/fall time 
10% to 90% points 


UNIT 


Unselect to Select 


Unsafe to Safe (TD2) 


Head Current: 
WDI to Ix - ly (TD3) 
Asymmetry 

Rise/fall Time 


| MIN | NOM | MAX — 
a 
are 
a ae ee 
| | 20 | 32 | 
Pf to | 
ae ee eee 


FIGURE 1: Write Mode Timing Diagram 
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SSI 32R2030A/2031A 
5V, 2, 4-Channel Thin-Film 


- Read/Write Device 


Hence, IC bias Current = Minimum 


Case 2: IC Base sheet resistance = Minimum 
Hence, IC bias Current = Maximum 


ee 
[En ote) | 50] ars 


a or 


Worst Case Read Input Noise Voltage vs. Input Impedance for SSI 32R2030AR/2031AR 
Case 1: IC Base sheet resistance = Maximum 


Units 


nVVHz 


Worst Case Read Input Noise Voltage vs. Input Impedance for SSI 32R2030A/2031A 


Case 1: IC Base sheet resistance = Maximum 


Hence, IC bias Current = Minimum 


7 6 
C7 ae aa 


Case 2: IC Base sheet resistance = Minimum 
Hence, IC bias Current = Maximum 


Vn (Max a a 
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SSI 32R2030A/2031A 
5V, 2, 4-Channel Thin-Film 
Read/Write Device 


PACKAGE PIN DESIGNATIONS 


(Top View) 
GND || 1 1| CS 
n/c [| 2 RW 
GND || 1 20 || cS L - 
HOX || 3 || N/C 
HOX |} 2 RW 
HoY || 4 || WCADJ 
GND | | 1 16 [| CS HOY [| 3 WC 
H1X [| 5 20 | | WC 
Hox [| 2 T] RW H1X [| 4 RDY 
H1Y [} 6 32R2031A | | RDY 
H1Y [| 5 RDX 4 
HOY || 3 Cc 32R2030A 
i | W 4 H2X || 7 Channels |}! RDX 


Hix] 4 saRzogon 13 [] ADY H2x || 6 Channels a ov (1s eee 
H1Y |} 5 Channels | | RDX Hay || 7 ne H3x [| 9 Hs 
vec [1 6 | Hso H3X |] 8 VCC1 Hay [] 10 15 |] vect 
N/C | | 7 || vec pews 12 1} wot N/C [} 11 14 {| wDI 


VCC2 [| 10 11 |] wus 


wus || 8 9 |] wol vec2 [] 12 13 [| WUS 


16-Pin SOL 20-Pin SOL, SOV 24-Pin SOL, SOV 


THERMAL CHARACTERISTICS: 6ja 


Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do no use for final 
design. 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 
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DESCRIPTION 


The SSI 32R4610A/4611A are bipolar monolithic inte- 
grated circuits designed for use with two-terminal thin- 
film recording heads. They provide a low noise read 
amplifier, write current control, and data protection 
Circuitry for up to eight channels. The SSI 32R4610AR/ 
4611AR option provides internal 700Q damping resis- 
tors. Power supply fault protection is provided by 
disabling the write current generator during power 
sequencing. System write to read recovery time is 
significantly improved by controlling the read channel 
common mode output voltage shift in the write mode. 
The 32R4611A option provides for an additional fea- 
ture providing the user with a controllable write current 
adjustment feature. 


The SSI 32R4610/4611 require only +5V power sup- 
plies and are available in a variety of packages. 


BLOCK DIAGRAM 


voCc1 GND WUS VCC2 


-| REFERENCE 
‘| VOLTAGE 


READ 
PREAMPS 
ANDO WRITE 
CURRENT 
SWITCHES 
(X4) 


VOLTAGE | 
FAULT | 
DETECTOR 


we WCADJ 
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SSI 32R4610A/4611A 
5V, 2, 4, 8-Channel Thin-Film 
Read/Write Device 


Advance Information 


December 1991 


FEATURES 


¢ 5V+10% 
¢ Low power 
=- PD = 175 mW read mode (Nom) 
¢ High Performance: 
- Read mode gain = 200 V/V 
- Input noise = 0.85 nV/VHz max 
- Input capacitance = 35 pF max 
- Write current range = 10-35 mA 
¢ Designed for two-terminal thin-film heads 
¢ Programmable write current source 
¢ Write unsafe detection 
e Enhanced system write to read recovery time 
Power supply fault protection 
* Head short to ground protection 


PIN DIAGRAM 


32R4610A 
4 


Channels 


20-PIN SOL 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 


WCADV available on the 32R4611A 24-pin option only 


SSI 32R4610A/4611A 
5V, 2, 4, 8-Channel Thin-Film 


Read/Write Device 


CIRCUIT OPERATION 7 


The SSI 32R4610A/4611A has the ability to address up to 8 two-terminal thin-film heads and provide write drive 
or read amplification. Head selection and mode control are described in Tables 2 and 3. The TTL inputs R/W and 
CS have internal pull-up resistors to prevent an accidental write condition. HSO, HS1 and HS2 have internal 
pulldowns. Internal clamp circuitry will protect the IC from a head short to ground condition in any mode. 


TABLE 1:Mode Select TABLE 2: Head Select 


PIN DESCRIPTION 


DESCRIPTION 

Head Select: selects one of four heads 

Chip Select: a high inhibits the chip 

Read/Write : a high selects Read mode 

Write Unsafe: a high indicates an unsafe writing condition. 

Write Data In: changes the direction of the current in the recording head 


HSO, HS1, HS2 t 
cS 
R/W 

US 

DI 


HOX - H7X; 
HOY - H7Y 


RDX, RDY 


X, Y Head Connections 
X, Y Read Data: differential read data pues 


*Available on 32R4611A 24-pin option only 
t These signals can be wire OR'ed 


WCADJ* 
VCC1 
VCC2 


ae eee 
Lleol 
2 oe 
[ws +| 0 
wort] 
mca eo 
woot 
rweane + | 
pvect | ot 
pvece | ot 
pend] trong 
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WRITE MODE 


Taking both CS and R/W low selects write mode which 
configures the SS! 32R4610A/4611A as a current 
switch and activates the Write Unsafe (WUS) detector 
Circuitry. Head current is toggled between the X and Y 
side of the selected head on each high to low transition 
of the Write Data Input (WDI). The WDI input pulse 
width requirement is amplitude dependent and pull ups 
are recommended at higher data rates, please refer to 
the WDI pulse width specifications. Note that a preced- 
ing read or idle mode select initializes the Write Data 
Flip-Flop to pass write current through the “X” side of 
the head. The magnitude of the write current (0-pk) is 
given by: 

_ Ke VWC 


IW 
RWC 


RWC is connected from pin WC to GND. Note the 
actual head current Ix, y is given by: 


x, y= __ tw 
1+Rh/Rd 
Where: 
Rh = Head resistance plus external wire 
resistance 
Rd = Damping resistance 


Any of the following conditions will be indicated as a 
high level on the Write Unsafe, WUS, open collector 
output. 


¢ WDI frequency too low 
« Device in Read mode 
¢ Chip disabled 

¢ No write current 

e Head opened 


After fault condition is removed, one negative transition 
on WDI is required to clear WUS. 


The 32R4611A adds a feature which allows the user to 
adjust the Iw current by a finite amount. The WCADJ 
pinisusedto adjust write current for write operations on 
different zones of the disk. It is used by switching a 
separate write current adjust resistor in and out on the 
WCAD2J pin or by connecting a DAC to that pin to sink 


SSI 32R4610A/4611A 
5V, 2, 4, 8-Channel Thin-Film 
Read/Write Device 


a controllable amount of current. The WCAD4J pin is 
nominally biased to VCC/2. Sinking current from this 
pin to ground will divert a proportional amount of 
current from the actual head current while maintaining 
a constant current through the WC resistor and VCC. 
Allowing WCAD4J to float or pulling it high will cut off the 
circuit and it will have no effect. For example, if the 
nominal head current is set to 30 mA through WC with 
WCADJ open, then for a 7.25 mA head current de- 
crease, a 10 kQ resistor would be connected from the 
WCADJ pin to ground. A TTL gate could be used as a 
switch with a small degradation in accuracy. To per- 
form the same function, a DAC could be used, by 
programming it to sink 0.25 mA from the WCAD4 pin. 


lw head (Decrease) = (29 * Vwcapu / RWCADy) 
Where: 

VWCADJ = Voltage on WCAD4J pin = VCC/2 
RWCADJ = Write current adjust setting resistor 
VOLTAGE FAULT 


A voltage Fault detection circuit improves data security 
by disabling the write current generator during a volt- 
age fault or power startup regardless of mode. 


READ MODE 


The Read mode configures the SSI 32R4610A/4611A 
as a low noise differential amplifier and deactivates the 
write current generator. The RDX and RDY output are 
driven by emitter followers. They should be AC coupled 
to the load. The (X,Y) inputs are non-inverting to the 
(X,Y) outputs. 


Note that in Idle or Write mode, the read amplifier is 
deactivated and RDX, RDY outputs become high im- 
pedance. This facilitates multiple R/W applications 
(wired-OR RDX, RDY) and minimizes voltage drifts 
when switching from Write to Read mode. Note also 
that the write current source is deactivated for both the 
Read and Idle mode. 


IDLE MODE 


Taking CS high selects the idle mode which switches 
the RDX and RDY outputs into a high impedance state 
and deactivates the device. Power consumption inthis 
mode is held to a minimum. 


1-131 


SSI 32R4610A/4611A 
OV, 2, 4, 8-Channel Thin-Film 
_ Read/Write Device 


ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS | 
Operation above maximum ratings may permanently damage the device. 


PARAMETER _ 
DC Supply Voltage 

a 
‘Write Current a ee 


-0.3 to VCC2 +0.3 
-65 to +150 


Head Port Voltage | 
Output Current: RDX, RDY 


— IW 
Digital Input Voltage Vin -0.3 to VCC1 +0.3 
VH ; : 
lo 


DC Supply Voltage 


Operating Junction Temperature —_Tj | +25 to +110 


DC CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. 


‘PARAMETER CONDITIONS 


VCC1 Supply Current ‘Read Mode (Vcc +5%) 
| | (Voc 10%) 1 
Write Mode (Vcc +5%) 
(Voc +10%) 
| *IdleMode (Vcc +5%) 
| _ (Veco +10%) 4 
Read Mode (Vcc +5%) 
| (Vcc +10%) 4 
Write Mode (Vcc +5%) 
(Vcc +10%) | 
Idle Mode (Voc +5%) 
(Vcc +10%) 


Power Dissipation | Read Mode (Vcc +5%) 
| (Vee 10%) 
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“Head Select Pins 
(HSO, HS1, HS2) Floating 
VCC2 Supply Current 


SSI 32R4610A/4611A 
5V, 2, 4, 8-Channel Thin-Film 
Read/Write Device 


DC CHARACTERISTICS (Continued) 


PARAMETER CONDITIONS 


VCC1 Fault Voltage IW <0.2 mA 


DIGITAL INPUTS 


| Input Low voltage (VIL) 
Input High Voltage (VIH) 


Write Mode (Vcc +5%) 

(Voc +10%) = 
Idle Mode (Vcc +5%) 

(Voc +10%) 


WRITE CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. 


Ihead(Decrease)/Iwcanu 

SS! 32R4611A/4611AR 

Iwcabs Range | 

SSI 32R4611A/4611AR 

Differential Head Voltage Swing lh (p-p) » Rh not to exceed 
3.4V (Head Swing Min) 


Capacitance 
Head Differential Load SSI 32R4610A/32R4611A 


WDI Pulse Width 
(Ref: Figure 1) 


Write Current Range (IW) 
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SSI 32R4610A/4611A 
5V, 2, 4, 8-Channel Thin-Film 
- Read/Write Device 


READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. CL (RDX, RDY) < 20 pF, 
RL (RDX, RDY) = 1 kQ. : 


PARAMETER CONDITIONS 
- Differential Voltage Gain Vin = 1 mVpp @1 MHz 
Voltage BW -1dB IZs| < 5Q, Vin = 1 mVpp 
es 
F 


oO 
© | 
mk | ok 


Input Noise Voltage BW = 15 MHz, Lh=0, Rh=0 | nV/NHz 
Differential Input Capacitance Vin = 1 mVpp, f = 5 MHz | | a7 | 35 | pF 


| Differential Input Resistance Vin = 1 mVpp, f = 5 MHz 
SSI 32R4610A/4611A 835 2600 Q 


SSI 32R4610AR/4611AR 360 550 


AC input voltage where gain 
falls to 90% of its small signal 
gain value, f = 5 MHz 


a 
fowls | oo | | 
@ 5 MHz 45 80 
ae 
| +300 


Dynamic Range 


| Common Mode Rejection Ratio 


| Power Supply Rejection Ratio 100 mVpp @ 5 MHz on VCC 


Channel Separation | Unselected channels driven 
with Vin = 0 VDC + 100 mVpp 


Output offset Vonage | 800 
aa. | 


Single Ended Output Resistance | f =5 MHz 
AC coupled load, RDXto RDY| 1 


4 
ee Pt 


Output Current 


RDX, RDY Common Mode 
Output Voltage | 
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SSI 32R4610A/4611A 
5V, 2, 4, 8-Channel Thin-Film 
Read/Write Device 


SWITCHING CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. IW = 20 mA, Lh = 1.0 pH, Rh = 30Q 
f(Data) = 5 MHz. 


Write to Read R/W to 90% of 
100 mV Read signal envelope 


Unselect to Select CS to 90% of write current or 
to 90% of 100 mV 10 MHz 


Select to Unselect CS to 10% of write current 


HS0,1 to any Head To 90% of 100 mV 10 MHz 
Read signal envelope 


WUS: Safe to Unsafe (TD1) Write mode, loss of WDI 
transitions. Defines maximum 
WDI period for WUS operation 


Unsafe to Safe (TD2) Fault cleared from first neg 
WDI transition 


Head Current: Lh=0, Rh=0 
WDI to Ix - ly (TD3) from 50% points 
Asymmetry WDI has 1 ns rise/fall time 


Rise/fall Time 10% to 90% points 


FIGURE 1: Write Mode Timing Diagram 
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SSI 32R4610A/4611A 
5V, 2, 4, 8-Channel Thin-Film 
Read/Write Device 


Worst Case Read Input Noise Voltage vs. Input Impedance for SSI 32R4610AR/4611AR 


Case 1: IC Base sheet resistance = Maximum 
Hence, IC bias Current = Minimum 


ee ee 
ee ee 


Case 2: IC Base sheet resistance = Minimum 
Hence, IC bias Current = Maximum 


[ss 0 
a 


e) 


Worst Case Read Input Noise Voltage vs. Input Impedance for SSI 32R4610A/4611A 


Case 1: IC Base sheet resistance = Maximum 
Hence, IC bias Current = Minimum 


co 


Ba cc es ek 


Case 2: IC Base sheet resistance = Minimum 
Hence, IC bias Current = Maximum 


a a ae rv 
Panjwin) | asf 0s 
cna) [es Ps 
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SSI 32R4610A/4611A 
5V, 2, 4, 8-Channel Thin-Film 
Read/Write Device 


PACKAGE PIN DESIGNATIONS 


(Top View) 
cs 
RW 
GND || 1 16 {| cs wc 
Hox | | 2 15 || RW RDY 
HOY || 3 14 [| WC 32R4610A RDX 
4 
H1X |] 4 32R4610A 13 |] RDY Channels HSO 
2 
HiY[|5 Channels 12 |] RDX HS1 
VCC2 || 6 11 [] HSo vcct 
Nc [] 7 10 {| vec1 || wol 
wus |] 8 9 |] wol || wus 
16-Pin SOL 

HOX GND || 1 24 || CS 
HOY 

H1X N/C |} 2 23 || RW 
IY HOX || 3 22 || N/C 
H2X 

H2Y HOY || 4 21 |} WCADJ 
Ses 32R4610A H1X || 5 20 || wc 
H3Y [| 8 8 2 

H4X Channels HiY [|] 6 32R4611A 19 [| RDY 

4 

nay H2xX [| 7 Channels 18 || RDX 
H5X 

H5Y H2Y || 8 17 || HSo 
es H3X || 9 16 || HS1 
H6Y 

H7X H3Y |} 10 15 || vec 


H7Y 
N/C 
N/C 


N/C |} 11 14 |} WD! 


vcc2 |} 12 13 |} WUS 


36-Pin SOM 24-Pin SOL, SOV 


Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do no use for final 
design. 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 
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DESCRIPTION 


The SSI 32P541 is a bipolar integrated circuit that 
provides all data processing necessary for detection 
and qualification of MFM or RLL encoded read signals. 
The circuit will handle data rates up to 15 Mbit/s. 


In read mode the SSI 32P541 provides amplification 
and qualification of head preamplifier outputs. Pulse 
qualification is accomplished using level qualification 
of differentiated input zero crossings. An AGC ampli- 
fier is used to compensate for variations in head 
preamp output levels, presenting a constant input level 
to the pulse qualification circuitry. The AGC loop can 
be disabled so that a constant gain can be used for 
embedded servo decoding or other processing needs. 


Inwrite mode the circuitry is disabled andthe AGC gain 
stage input impedance is switched to a lower level to 
allow fast setting of the input coupling capacitors during 
a write to read transition. The SSI 32P541 requires 
+5V and +12V power supplies and is available in a 24— 
pin DIP and 28—pin PLCC. 


SSI 32P541 


Read Data Processor 


February, 1990 
FEATURES 


Level qualification supports high resolution 
MFM and RLL encoded data retrieval 


e Wide bandwidth AGC input amplifier 

¢ Supports data rates up to 15 Mbit/s 

e Standard 12V + 10% and 5V + 10% supplies 
e Supports embedded servo pattern decoding 
¢ Write to read transient suppression 


¢ Fast and slow AGC attack regions for fast 
transient recovery 


BLOCK DIAGRAM 


DIN+  CIN- 


LEVEL 
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CIN+ 


DIF- DIF+ 


SSI 32P541 
Read Data Processor 


CIRCUIT OPERATION 


READ MODE 


In the read mode (R/W input high or open) the input 
read signal is amplified and qualified using an AGC 
amplifier and pulse level qualification of the detected 
signal peaks. 


The amplified head signals are AC coupled to the IN + 
and IN - pins of the AGC amplifier that is gain controlled 
by full wave rectifying and amplifying the (DIN+ - DIN— 
) voltage level and comparing it to a reference level at 
the AGC pin. A fast attack mode, which supplies a 
1.7 MA charging current for the capacitor at the BYP 
pin, is entered whenever the instantaneous DIN + level 
is more than 125% of set level. Between 100% and 
125% the slow attack mode is invoked, providing 
0.18 mA of charging current. The two attack modes 
allow rapid AGC recovery from awrite to read transition 
while reducing zero crossing distortion once the ampli- 
fier is in range. 


The level at the AGC pin should be set such that the 
differential voltage level at the DIN+, DIN- pins is 1.00 
Vpp at the OUT+, OUT- pins which allows for up to 6 dB 
loss in any external filter connected between the 
OUT+, OUT- outputs and the DIN+, DIN- inputs. 


Gain of the AGC section is nominally 
Av2 ( v2-V 


Av1 P 5.8+Vt 
Where: Av1 and Ave are initial and final amplifier 
gains. V1, V2 are initial and final voltages 
on the BYP pin. 


Vt = (K x T)/q = 26 mV at room temperature. 


One filter for both data (DIN+, DIN- input) and clock 
(CIN+, CIN- input) paths, or a separate filter for each 
path may be used. If two filters are used, care must be 
exercised to control time delays so that each path is 
timed properly. A multi-pole Bessell filter is typically 
used for its linear phase or constant group delay 
characteristics. 


The filtered data path signal is fed into a hysteresis 
comparator that is set at a fraction of the input signal 
level by using an external filter/network between the 
LEVEL and HYS pins. Using this approach allows 


setting the AGC slow attack and decay times slow 
enough to minimize distortion of the clock path signal. 
This “feed-forward” technique, utilizing a fraction of the 
rectified data path input available at the LEVEL pin as 
the hysteresis threshold, is especially useful in the slow 
decay mode of the AGC loop. By using a short time 
constant for the hysteresis level, the qualification 
method can continue as the AGC amplifier gain is 
slowly ramped up. This level will also shorten the write 
to read transient recovery time without affecting data 
timing as the circuit willbe properly decoding before the 
AGC gain has settled to its final value. The comparator 
output is the “D” input of a D type flip-flop. The DOUT 
pin provides a buffered test point for monitoring this 
function. 


The filtered clock path signal is differentiated to trans- 
form signal peaks to zero-crossings which clock an 
edge-trigger circuit to provide output pulses at each 
zero-crossing. The pulses are used to clock the Dtype 
flip-flop. The COUT pin is a buffered test point for 
monitoring this function. 


The differentiator function is set by an external network 
between the DIF+, DIF- pins. The transfer function is: 


- 2000Cs 


AV =———____ ev 
LCs? +(R+92)Cs+1 


Where: C = external capacitor (20 pF to 150 pF) 
L = external inductor 
R = external resistor 
S = jo = j2nf 


During normal operation the differentiator circuit clocks 
the D flip-flop on every positive and negative peak of 
the signal input to CIN+, CIN-. The D input to the flip— 
flop only changes state when the signal applied to the 
DIN+, DIN- inputs exceeds the hysteresis comparator 
threshold opposite in polarity to the previous peak that 
exceeded the threshold. 


The clocking path, then, determines signal timing and 
the data path determines validity by blocking signal 
peaks that do not exceed the hysteresis comparator 
threshold. 


The delays from CIN+, CIN- inputs to the flip-flop clock 
input and from the DIN+, DIN- inputs to the flip-flop D 
input are well matched. 
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WRITE (DISABLED) MODE 


Inthe write or disabled mode (R/W input low) the digital 
Circuitry is disabled and the AGC amplifier input imped- 
ance is reduced. In addition the AGC amplifier, gain is 
set to maximum so that the loop is in its fast attack 


SSI 32P541 
Read Data Processor 


that requires care in layout. The designer should keep 
analog signal lines as short as possible and well 
balanced. Use of a ground plane is recommended 
along with supply bypassing and separation of the 
SSI 32P541 and associated circuitry grounds from 


mode when changing back to Read Mode. The low- other circuits on the disk drive PCB. 


ered input impedance facilitates more rapid settling of 
the write to read transient by reducing the time constant 
of the network between the SSI 32P541 and read/write 


preamplifier, such as the SSI 32R510. READ - Read amp on, AGC 


active, Digital section active 


HOLD - Read amp on, AGC 


Internal SSI 32P541 timing is such that this settling is 
accomplished before the AGC loop is activated when 
going to read mode. Coupling capacitors should be 
chosen with as low a value as possible, consistent with 
bandwidth requirements, to allow more rapid settling. 


gain held constant Digital sec- 


tion active 


WRITE - AGC gain switched to 
maximum, Digital section inac- 
tive, common mode input resis- 
LAYOUT CONSIDERATIONS enolate P 


The SSI 32P541 is a high gain wide bandwidth device 


PIN DESCRIPTION 


|NAME —|_—s TYPE ‘| DESCRIPTION 

Coe ee 5 volt power supply 
ee ee 12 volt power supply 
}AGND,DGND| = -_—si Analog and Digital ground pins 


Cc 
Cre 


TTL compatible read/write control pin 

Analog signal input pins 

AGC Amplifier output pins 

The AGC timing capacitor is tied between this pin and AGND 


oO 
Ce 
[HOCH | 1 | TTL compatte pn that holds the AGC gain when pulldiow 
acc | 1 | Reterence put votageevliorthe AGC oreut 
[Ins ON | | | Analog inptto the hysteresis comparator 
jHys —s|_——st_[_ Hysteresis level setting input to the hysteresis comparator 
[ever | 0 | Provide ecfed signal evel fornput othe hysteresis comparator 
a 
— 
o . : 
— 
a 


Buffered test point for monitoring the clock input to the flip-flop 
i 


Connection for read output pulse width setting capacitor 
TTL compatible read output 


2-3 
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SSI 32P541 
Read Data Processor 


ELECTRICAL SPECIFICATIONS » 7 | 
Unless otherwise specified 4.5 < VCC < 5.5V, 10.8V < VDD < 13.2V, 25 °C < Tj < 135 °C. 


ABSOLUTE MAXIMUM RATINGS 
Operation above absolute maximum ratings may permanently damage the device. 


PARAMETER | 


-0.3 to VCC + 0.3 


-0.3V to VCC + 0.3V or +12 
All others -0.3to VDD + 0.3 


POWER SUPPLY 


PARAMETER __ CONDITIONS | MIN | 
ICC - VCC Supply Current Outputs unloaded fd 
IDD - VDD Supply Current Outputs unloaded dl 


Pd - Power Dissipation Outputs unloaded, Tj = 135°C 


LOGIC SIGNALS 


MODE CONTROL 


PARAMETER CONDITIONS 
ReadtoWrite Transition Time | 


Write to Read Transition Time AGC settling not included, 
transition to high input 
resistance 
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SSI 32P541 
Read Data Processor 


WRITE MODE 


PARAMETER CONDITIONS 


Common Mode Input Impedance | R/W pin = low 
(both sides) 


READ MODE 

Unless otherwise specified IN+ and IN- are AC coupled, OUT+, and OUT- are loaded differentially with > 600Q 
and each side is loaded with < 10 pF to GND, a 2000 pF capacitor is connected between BYP and GND, OUT+ 
is AC coupled to DIN+, OUT- is AC coupled to DIN-, AGC pin voltage is 2.2 VDC. 


AGC AMPLIFIER 

PARAMETER CONDITIONS 

Differential Input Resistance V(IN+ — IN-) = 100 mVpp 
@ 2.5 MHz 

Differential Input Capacitance V(IN+ — IN-) = 100 mVpp 
@ 2.5 MHz 


Common Mode Input Impedance | R/W pin high — 1.8 fT kK 
(both sides) R/W pin low | | | 025 | 


1.0 Vpp < V(OUT+ - OUT-) 


Minimum Gain Range 
< 2.5 Vpp 


Input Noise Voltage Gain set to maximum 


| Bandwidth Gain set to maximum 0 
-3 dB point 


= 

vo 
tal 
eee 
fe 
i 


Maximum AGC Amplifier Output 
Offset 


Vout offset (max. gain) - 
Vout offset (min. gain) 


Vive = 2.5V to 4.5V 


BYP 


(DIN+ — DIN-) Input Voltage 
Swing VS AGC Input Level 


30 mVpp V(IN+ — IN-) 
< 550 mVpp 0.5 Vpp 
< V(DIN+ — DIN-) < 1.5 Vpp 
30 mVpp V(IN+ — IN-) 
< 550 mVpp AGC Fixed, 
over supply & temperature 


Vin = 300 mVpp—> 150 mVpp 
@ 2.5 MHz, Vout to 90% of 
final value Figure 1a 


From Write to Read transition 

to Vout at 110% of final value 

Vin = 400 mVpp @ 2.5 MHz. 
Figure 1b 


(DIN+ — DIN-) Input Voltage 
Swing Variation 


Gain Decay Time (Td) 


Gain Attack time (Ta) 
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SSI 32P541 
Read Data Processor 


AGC AMPLIFIER (Continued) 

| PARAMETER | CONDITIONS | 
Fast AGC Capacitor Charge V(DIN+ - DIN-) = 1.6V 
Current V(AGC) = 2.2V 
Slow AGC Capacitor Charge V(DIN+ — DIN-) = 1.6V Vary 
Current V(AGC) until slow discharge 


Fast to Slow Attack Switchover V(DIN+— DIN- ) 

Point V(DIN+—DIN-) Final 

AGC Capacitor Discharge Current] V(DIN+— DIN-) = 0.0V 
Read Mode | 


Hold Mode V,,, =5.0V 
6.1V<Vp<8.1V 


CMRR (Input Referred) V(IN+) = V(IN-) = 100 mVpp 
@ 5 MHz,gain at max. 

PSRR (Input Referred) AVCC or AVDD = 100 mVpp | 
@ 5 MHz, gain at max. 


HYSTERESIS COMPARATOR 


Differential Input Resistance V(DIN+ — DIN-) = 100 mVpp 
@ 2.5 MHz 

Differential Input Capacitance V(DIN+ — DIN-) = 100 mVpp 
@ 2.5 MHz 


HYS pin at GND, < 1.5 kQ 
across DIN+, DIN- 


Level Pin Output 
Voltage vs V(DIN+ — DIN-) 


0.6 <| V (DIN+ — DIN-) | 
<1.3 Vpp, 10 kQ from LEVEL 
pin to GND 


LEVEL Pinwax Ouputcurent | SSS«*dYC 
LEVEL Pin Ouput Resistance | WEVEL)-<05mA =| 
0.0<IOH<0.5mA 
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SSI 32P541 
Read Data Processor 


ACTIVE DIFFERENTIATOR 


PARAMETER CONDITIONS 
Input Signal Range el 


Differential Input Resistance V(CIN+ — CIN-) = 100 mVpp 
@ 2.5 MHz 

Differential Input Capacitance V(CIN+ — CIN-) = 100 mVpp 
@ 2.5 MHz 


Common mode Input Impedance | (both sides) 
Voltage Gain From CIN+ to DIF+ | R(DIF+to DIF-) = 2kQ 1 


DIF+ to DIF- Pin Current Differentiator Impedance 1. 
must be set so as not to clip 
signal at this current level 


Comparator Offset Voltage DIF+, DIF- are AC Coupled 
COUT Pin Output Low Voltage 0.0<IOH<0.5 mA 


COUT Pin Output Pulse voltage 0.0<IOH<0.5 mA 


V(high) - V(low) 
COUT Pin Output Pulse Width 0.0<IOH<0.5mA 


OUTPUT DATA CHARACTERISTICS (See Figure 2) 

Unless otherwise specified V(CIN+ — CIN-) = V(DIN+— DIN-) = 1.0 Vpp AC coupled since wave at 2.5 MHz 
differentiating network between DIF + and DIF- is 100Q in series with 65 pF, V (Hys) = 1.8 DC, a60 pF capacitor 
is connected between OS and VCC, RD- is loaded with a 4 kQ resistor to VCC and a 10 pF capacitor to GND. 


PARAMETER CONDITIONS 


D-Flip-Flop Set Up Time (Td1) Min delay from V(DIN+ DIN-) 
exceeding threshold to 
V(DIF + — DIF-) reaching 

a peak 


Propagation Delay (Td) re 


Variation 50 pF < Cos < 200 pF 


I+- 
cw | N 
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SSI 32P541 
Read Data Processor 


V (IN+ — IN-) 


V (IN+ ~ IN-) 


= 


V (OUT+ — OUT-) 


FIGURE 1(a), (b): AGC Timing Diagrams 


+HYSTERESIS LEVEL 
V (CIN+ — CIN-) 

an 
V (DIN+ — DIN-) 


-HYSTERESIS LEVEL 


V (DIN+ — DIN-) 


Vv (COUT) 
FLIP-FLOP CLOCK 


V (DOUT) 
FLIP-FLOP D INPUT 


Td3 r rt 
OU ee 
READOATA, te 
Tas 


FIGURE 2: Timing Diagram 
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SSI 32P541 
Read Data Processor 


TO SERVO CIRCUIT 


O1pF 
Hs oewer Ft 
BUFFER 


cK CK 


) 
GL] ONE SHOT a. = READ DATA 


| 
| 
i 
| 


eee mmm memenes || om eee mamma meneame: 


12 
5V 


my | 


READ/WRITE 
SERVO HOLD 
READ/WRITE 
CONTROL & WRITE 
DATA 


NOTES: Circuit traces for the 12V bypass capacitor and the AGC Hold Capacitor should be as short as possible with both 
Capacitors returned to the Analog Ground Pin. 


Component values, where given, are for a 5 Mbit/s system. 


FIGURE 3: Typical Read/Write Electronics Set Up 
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SSI 32P541 
Read Data Processor 


PACKAGE PIN DESIGNATIONS 


(Top View) 7 ge @tu eg tz 
ate Ma >%+o0856 6 
DIF+ [| 2 oo 
HYS [| 3 LEVEL N/C 
LEVEL [j 4 AGC DIN- 
AGC [| 5 IN+ OUT- 
IN+ [| 6 IN- OUT+ 
7 HOLD AGND 
HOLD [| 8 VOD [] 10 BYP 
yee COUT []} 11 DGND 
COUT [] 10 13 14 15 16 17 
RW [ ee ey etna 
a esegegs 
24-Lead PDIP, SOL 28-Lead PLCC 


THERMAL CHARACTERISTICS: @ ja 


24-Lead PDIP 
24-Lead SOL 80°C/W 
28-Lead PLCC 65°C/W 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 


ORDERING INFORMATION 


PART DESCRIPTION | ‘| ORDERING NUMBER PACKAGE MARK 


| $$192P541 Read Data Processor 
B2P541-P 
32P541-CH 
32P541-CL 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 
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DESCRIPTION 


The SSi 32P541B is a bipolar integrated circuit that 
provides all data processing necessary for detection 
and qualification of MFM or RLL encoded read signals. 


In read mode the SSI 32P541B provides amplification 
and qualification of head preamplifier outputs. Pulse 
qualification is accomplished using level qualification 
of differentiated input zero crossings. An AGC ampili- 
fier is used to compensate for variations in head 
preamp output levels, presenting a constant input level 
to the pulse qualification circuitry. The AGC loop can 
be disabled so that a constant gain can be used for 
embedded servo decoding or other processing needs. 


In write mode the circuitry is disabled and the AGC gain 
stage input impedance is switched to a lower level to 
allow fast settling of the input coupling capacitors during 
a write to read transition. The SSI 32P541B requires 
+5V and +12V power supplies and is available in a 28- 
pin PLCC, 24-pin DIP and 24-pin SOL. 


SSI 32P541B 


Read Data Processor 


July 1991 
FEATURES 


¢ Level qualification supports high resolution 
MFM and RLL encoded data retrieval 


e Wide bandwidth AGC input amplifier 

¢ Standard 12V + 10% and 5V + 10% supplies 
¢ Supports embedded servo pattern decoding 
¢ Write to read transient suppression 


¢ Fast and slow AGC attack regions for fast 
transient recovery 


¢ Internal voltage fault indicator 
¢ <+1.0 ns pulse pairing 


e¢ 24 Mb/s operation 


BLOCK DIAGRAM 


OUT+ OUT- DIN+ DIN- = CIN+ 


FULL WAVE RECTIFIER 


DGND AGC LEVEL 
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CIN- DIF- DIF+ vec vDD 


REFERENCE 
GENERATOR 


SSI 32P541B 
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CIRCUIT OPERATION 


READ MODE 


In the read mode (R/W input high or open) the input 
read signal is amplified and qualified using an AGC 
amplifier and pulse level qualification of the detected 
signal peaks. 


The amplified head signals are AC coupled to the IN + 
and IN - pins of the AGC amplifier that is gain controlled 
by full wave rectifying and amplifying the (DIN+ - DIN— 
) voltage level and comparing it to a reference level at 
the AGC pin. A fast attack mode, which supplies a 
1.7 mA charging current for the capacitor at the BYP 
pin, is entered whenever the instantaneous DIN + level 
is more than 125% of set level. Between 100% and 
125% the slow attack mode is invoked, providing 
0.18 mA of charging current. The two attack modes 
allow rapid AGC recovery from awrite to read transition 
while reducing zero crossing distortion once the ampli- 
fier is in range. 


The level at the AGC pin should be set such that the 
differential voltage level at the DIN+, DIN- pins is 1.00 
Vpp at the OUT+, OUT- pins which allows for up to 6 dB 
loss in any external filter connected between the 
OUT+, OUT- outputs and the DIN+, DIN- inputs. 


Gain of the AGC section is nominally 
Av2 = exp -( v2-V 


Avi 5.8+Vt 
Where: Av1 and Av2 are initial and final amplifier 
gains. V1, V2 are initial and final voltages 
on the BYP pin. 


= (K x T)/q = 26 mV at room temperature. 


One filter for both data (DIN+, DIN- input) and clock 
(CIN+, CIN- input) paths, or a separate filter for each 
path may be used. If two filters are used, care must be 
exercised to control time delays so that each path is 
timed properly. A multi-pole Bessell filter is typically 
used for its linear phase or constant group delay 
characteristics. | 


HYSTERESIS LEVEL 


In level qualification, hysteresis comparator eliminates 
errors due to low level additive noise, see Figure 4B. 


The 32P541B allows two implementations of hyster- 
esis: fixed hysteresis threshold or DIN tracking hyster- 
esis threshold. Fixed hysteresis threshold can be sim- 
ply done by a setting a DC voltage at HYS pin, such as 
from a resistor divider from VCC to GND. The hyster- 
esis threshold at the comparator can be computed as: 
Hysteresis Gain x Viiv. For high performance system 
application, however, fixed hysteresis threshold is not 
recommended. 


DIN tracking hysteresis has the advantages of shorter 
write-to-read recovery time and lower probability of 
error with input amplitude drop out. The hysteresis 
threshold is designed as a percentage of the DIN peak 
voltage. This technique can be implemented by feed- 

ing the LEVEL output, through a resistor divider net- 
work, to the HYS pin (see Figure 4b). The LEVEL 
output, amplified peak capture of DIN voltage, can be 
computed as: Level Gain x V(DIN+ - DIN-). With the 
resistor divider, a fraction of the LEVEL output is 
presented at the HYS pin. The hysteresis threshold, as 
a function of DIN, canbe summarized as: Level Gain x 

Resistor Dividing Ratio x Hysteresis Gain x V(DIN+ - 
DIN-). For a typical case of 1 Vpp differential at DIN+ 
input, assume equal value resistors in the divider 
network, the hysteresis thresholdis 1.95 x 0.50x0.19 x 
1V = 0.185V. This represents 37% hysteresis on a 1 

Vpp signal. While both the Level Gain and Hysteresis 

threshold vs. HYS bear a moderate tolerance due to 
typical process variations, they inversely track each 
other to yield a much tighter hysteresis threshold in a 
Closed loop. In designing the hysteresis threshold, the 
nominal Level Gain and Hysteresis Gain values should 
be used. The tolerance on DIN tracking hysteresis 
threshold is specified as the Tracking Hysteresis 
Threshold Tolerance in the specification. 


While the external resistor divider ratio determines the 
hysteresis threshold, the total resistance and the peak 
capture capacitor should be optimized for the system 
data rate. The RC time constant must be small enough 
to allow good response to changing DIN+ peak-to- 
peak, but large enough to provide a constant hyster- 
esis threshold in each level qualification. 


The filtered clock path signal is differentiated to trans- 
form signal peaks to zero-crossings which clock an 


' edge-trigger circuit to provide output pulses at each 
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zero-crossing. The pulses are used to clock the D-type 
flip-flop. The COUT pin is a puliee test point for 
monitoring this function. 


0791.- rev. 
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The differentiator function is set by an external network 
between the DIF+, DIF- pins. The transfer function is: 
Where: C = external capacitor (20 pF to 150 pF) 


AV=____-2000Cs_ 
LCs? +(R+92)Cs+1 


L = external inductor 

R = external resistor 

S = j@ = j2nf 
During normal operation the differentiator circuit clocks 
the D flip-flop on every positive and negative peak of 
the signal input to CIN+, CIN-. The D input to the flip— 
flop only changes state when the signal applied to the 
DIN+, DIN- inputs exceeds the hysteresis comparator 


threshold opposite in polarity to the previous peak that 
exceeded the threshold. 


The clocking path, then, determines signal timing and 
the data path determines validity by blocking signal 
peaks that do not exceed the hysteresis comparator 
threshold. 


The delays from CIN+, CIN- inputs to the flip-flop clock 
input and from the DIN+, DIN- inputs to the flip-flop D 
input are well matched. 


TABLE 1: Mode Control 
R/W 


* f * | 


OD [moe —(is—CSsCSCS 
READ - Read amp on, AGC active, Digital section active 
Fg HOLD - Read amp on, AGC gain held constant Digital section active 


WRITE - AGC gain switched to maximum, Digital section inactive, common 
mode input resistance reduced 
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WRITE (DISABLED) MODE 


Inthe write or disabled mode (R/W input low) the digital 
circuitry is disabled and the AGC amplifier input imped- 
ance is reduced. In addition the AGC amplifier, gain is 
set to maximum so that the loop is in its fast attack 
mode when changing back to Read Mode. The low- 
ered input impedance facilitates more rapid settling of 
the write to readtransient by reducing the time constant 
of the network between the SSI 32P541B and read/ 
write preamplifier, such as the SSI 32R512. 


Internal SSI 32P541B timing is such that this settling is 
accomplished before the AGC loop is activated when 
going to read mode. Coupling capacitors should be 
chosen with as low a value as possible, consistent with 
bandwidth requirements, to allow more rapid settling. 


LAYOUT CONSIDERATIONS 


The SS|32P541B is a high gain wide bandwidth device 
that requires care in layout. The designer should keep 
analog signal lines as short as possible and well 
balanced. Use of a ground plane is recommended 
along with supply bypassing and separation of the 
SSI 32P541B and associated circuitry grounds from 
other circuits on the disk drive PCB. 


LOW VOLTAGE FAULT DETECTION 


A low voltage detection dircuit monitors both supplies 
and pulls an open collector TTL output low when either 
supply drops below their trip point. This option is 
available only in the 28-pin PLCC package. 


SSI 32P541B 
Read Data Processor 


PIN DESCRIPTION 


DESCRIPTION 


ACHE DGND 


D 
=| 


a? 2 
aa 


IN+, IN- 
OUT+, OUT- 
The AGC timing capacitor is tied between this pin and AGND 


ae TTL compatible pin that holds the AGC gain when pulled low 
a ae Reference input voltage level for the AGC circuit 
ae Analog wha to the EEE comparator 


DIN+, DIN- 


Riese rena eteteoree | 


Open collector output that goes low when a low power supply fault is 
detected. 


*“VFLT output offered in 28-pin PLCC package only. 


LEVEL 
DOUT 
CIN+, CIN- 
DIF+, DIF- 


ELECTRICAL CHARACTERISTICS 
Unless otherwise specified 4.5 < VCC < 5.5V, 10.8V < VDD < 13. ov, 25 °C < Tj < 135 °C. 


ABSOLUTE MAXIMUM RATINGS | 
Operation above absolute maximum ratings may permanently damage the device. 


PARAMETER . RATING . UNIT 
-0.3 to VCC + 0.3 


-0.3V to VCC + 0.3V or +12 
All others -0.3 to VDD + 0.3 


rev. 
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POWER SUPPLY 


PARAMETER CONDITIONS | MIN | 
ICC - VCC Supply Current Outputs unloaded ae 
IDD - VDD Supply Current Outputs unloaded a 


Pd - Power Dissipation Outputs unloaded, Tj = 135°C 


LOGIC SIGNALS 


vit-wputtow vonage —O«dSSSSCSC~=~S 
Vin Input High Votage = SSSCS*~=~*~“~*~*~*~rSC 
Fi. -Input Low Curent +f vu=oavSS~«*dC 
rit lmputhigh Curent VIM=2av iY 

Pea | 


V 
V 


| VOL - Output Low Voltage lIOL = 4.0 mA aa 
VOH - Output High Voltage IOH = -400 pA 2.4 
2 


| mA 
=a 
ed 


MODE CONTROL 


Readto Write TranstonTime | | 


1. 


Write to Read Transition Time AGC settling not included, 


40 | ows | 
3.0 Us 
| transition to high input 
resistance 


WRITE MODE 


NOM 
a 
oa 
a 
a 
|| 04 | ma 
Eo 
La 
a 
» 


READ MODE 

Unless otherwise specified IN+ and IN- are AC coupled, OUT+, and OUT- are loaded differentially with > 600Q 
and each side is loaded with < 10 pF to GND, a 2000 pF capacitor is connected between BYP and GND, OUT+ 
is AC coupled to DIN+, OUT- is AC coupled to DIN-, AGC pin voltage is 2.2 VDC. 


AGC AMPLIFIER 


Differential Input Resistance V(IN+ — IN-) = 100 mVpp 
@ 2.5 MHz 

Differential Input Capacitance V(IN+ — IN-) = 100 mVpp 10 pF 
@ 2.5 MHz 


Common Mode Input Impedance | R/W pin high 
| (both sides) R/W pin low 


| Minimum Gain Range 1.0 Vpp < V(OUT+ — OUT-) 4.0 83 VV 
| < 2.5 Vpp 


Input Noise Voltage 
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AGC AMPLIFIER (Continued) 


PARAMETER CONDITIONS 


UNIT 


Bandwidth | Gain set to maximum MHz 
: -3 dB point 
; Vpp 


Maximum Output Voltage Set by AGC pin voltage 
Swing 


OUT+ to OUT- Pin Current No DC path to GND 


Output Capacitance : 
(DIN+ — DIN-) Input Voltage 
Swing VS AGC Input Level 


I 
3 
NO 


30 mVpp < V(IN+ — IN-) 0.43 
< 550 mVpp; 
0.5 Vpp < V(DIN+ — DIN-) < 1.5 Vpp 
30 mVpp V(IN+ — IN-) 


< 550 mVpp AGC Fixed, 


Vpp/V 
Vpp/V 


sat 
s 
& 


© 
.o) 
1) 


(DIN+ — DIN-) Input Voltage 
Swing Variation 


o~ 


@ 9 MHz 
Cold 


Vin = 300 mVpp—> 150 mVpp 
at 2.5 MHz, Vout to 90% of 
final value Figure 1a 


From Write to Read transition 
to Vout at 110% of final value 
Vin = 400 mVpp @ 2.5 MHz. 

Figure ib 


Fast AGC Capacitor Charge V(DIN+ - DIN-) = 1.6V 1.3 
Current V(AGC) = 2.2V 

Slow AGC Capacitor Charge | V(DIN+-— DIN-) = 1.6V Vary 0.14 
Current V(AGC) until slow discharge 

Fast to Slow Attack Switchover} V(DIN+—DIN- ) | 

Point V (DIN+—DIN- ) Final 


AGC Capacitor Discharge V(DIN+ — DIN-) = 0.0V 
Current Read Mode 


| Hold Mode | 
CMRR (Input Referred) V(IN+) = V(IN-) = 100 mVpp 
| @ 5 MHz,gain at max. 
PSRR (Input Referred) AVCC or AVDD = 100 mVpp 
7 @ 5 MHz, gain at max. 
Maximum AGC Amplifier V(IN+ - IN-) = 0 
Output Offset Variation Min to max gain 


over supply & temp. 


Gain Decay Time (Td) 


c 


so 


Gain Attack time (Ta) 


+0.2 
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HYSTERESIS COMPARATOR 


PARAMETER CONDITIONS 


Differential Input Resistance V(DIN+ — DIN-) = 100 mVpp 
@ 2.5 MHz 

Differential Input Capacitance V(DIN+ — DIN-) = 100 mVpp 
@ 2.5 MHz 


Common Mode Input Impedance | (both sides) 
Comparator Offset Voltage HYS pin at GND, < 1.5 kQ 
across DIN+, DIN- 
Hysteresis Gain At DIN+, DIN- pins 0.16 
(see figure 4c) 1V < V (HYS) <3V 


| HYS Pin Input Current 1V <V(HYS) <3V | 0.0 


Tracking Hysteresis V (Hys) = some % of 
Threshold Tolerance *V (AGC) or V (LEVEL) 
1V < V (Hys) < 3V; f = 0-9 MHz 


Level Gain 0.6 < | V (DIN+ — DIN-) | 
(see figure 4d) <1.3 Vpp, 10 kQ from LEVEL 
pin to GND 


5 
LEVEL Pinar Oupucwren | SS 
LEVEL Pin Output Resistance | I(LEVEL) = 0.5 mA ) | 180 | 
DOUT Pin Output Low Voltage | 0.0<IOL<0.5mA vob -4.0/ | vbD-28. 
0 


DOUT Pin Output High Voltage | 0.0<1IOH<0.5mA 


ACTIVE DIFFERENTIATOR 


Input Signal Range 


Differential Input Resistance V(CIN+ — CIN-) = 100 mVpp 
@ 2.5 MHz 

Differential Input Capacitance V(CIN+ — CIN-) = 100 mVpp 
@ 2.5 MHz 


Common mode Input Impedance | (both sides) 


Voltage Gain From CIN+ to DIF+ | R(DIF+to DIF-) = 2kQ 
DIF+ to DIF- Pin Current 


Differentiator Impedance 
must be set so as not to clip 
Signal at this current level 


Comparator Offset Voltage DIF+, DIF- are AC Coupled 


COUT Pin Output Low Voltage | 0.0<IOH<0.5mA Pod 
COUT Pin Output Pulse voltage | 0.0<IOH<0.5mA = +0.4 


V(high) - V(low) 


COUT Pin Output Pulse Width 0.0<IOH<0.5 mA 
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OUTPUT DATA CHARACTERISTICS (See Figure 2) 7 

Unless otherwise specified V(CIN+ — CIN-) = V(DIN+ — DIN-) = 1.0 Vpp AC coupled sine wave at 2.5 MHz 
differentiating network between DIF+ and DIF- is 100Q in series with 65 pF, V (Hys) = 1.8 DC, a33 pF capacitor 
is connected between OS and VCC, RD- is loaded with a 4 kQ resistor to VCC and a 10 pF capacitor to GND. 


PARAMETER | CONDITIONS 


D-Flip-Flop Set Up Time (Td1) Min delay from V(DIN+ DIN-) 
exceeding threshold to 
V(DIF+ — DIF-) reaching 

a peak 


Propagation Delay (Td3) ae i 
Output Data Pulse Width Td5 = 11.4 ns + 740 « Cos = 


50% - 50% 
Variation 15 pF < Cos < 150 pF 


Pulse Pairing | |Td3 - Td4| 
Output Rise Time | From 0.4V to 2.4V level 
Output Fall Time | From 0.4V to 2.4V level 


SUPPLY VOLTAGE FAULT DETECTION 


PARAMETER CONDITIONS | 
VDD Fault Threshold 
VCC Fault Threshold 
VOL Output Low Voltage 4.5 <VCC < 5.5V, 
| 1OL=1.6mA 
1.0<VCC <4.5V, 
IOL = 0.5 mA 
| IOH Output High Current ras ae 


Vin=20mV = VBYP = 4.1V 


ice) 
nol 


BSN 


Group 990 
Delay (ns) 7 


FIGURE 1: AGC Amplifier - Typical Group Delay Variation 
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= 


V (OUT+ - OUT-) 


FIGURE 1(a), (b): AGC Timing Diagrams 


+HYSTERESIS LEVEL 
V (CIN+ —CIN-) 

a 
V (DIN+ — DIN-) 


~HYSTERESIS LEVEL 


V (DIN+ — DIN-) 


V (COUT) 
FLIP-FLOP CLOCK 


V (DOUT) 
FLIP-FLOP D INPUT 


Td3 r r™ 
i cart Mia a Oe (eS EA 
READDATA Ste 
TdS 


FIGURE 2: Timing Diagram 
0791 - rev. 2-19 


SSI 32P541B 
Read Data Processor 


TO SERVO CIRCUIT 
OF i a 
- a a mime “Td ] aan — | 
> 
pom er BUFFER 
8 | 


6 
| 
i 
14] 
1 
i 
| 
i] 
H 
| 
i 
H ; 
| 
READ DATA 
| 
i 
13] 


ee as ne ae a PSD RE CS SA OP i A A Se Se On Oe in ae ewe a ee ee ae eR ee 


t 5V 
F | 33 pF 
“Rin “ E Lsdl 
P = 
= | ANALOG SLOW, | 
| GROUND <i | 
‘ 
i } REFERENCE fs] 
ro] _GENERATOR 
® 
| = 5V REF 
aeeenren ane Sean] a SU REEE RTE SEMPER gy ETN SNES Tae =, SERRE eER (/ SEN ERORMCRTeRN 5r-| eeaet! (7 [ARPS ERNE OMT S00 S Ret eran ces seer ere cca 
vga 
DIGITAL 
GROUND 


READ/WRITE 
SERVO HOLD 


READ/WRITE 
CONTROL & WRITE 
DATA 


NOTE: Circuit traces for the 12V bypass capacitor and the AGC Hold Capacitor should be as short as possible with both capacitors returned to 
the Analog Ground Pin. 
Component values, where given, are for a 24 Mbit/s System. 
Above pin numbers are for the 28-pin PLCC package. 


FIGURE 3: Typical Read/Write Electronics Set Up 
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V(DIN+ — DIN-) * PEAK Viinternal) 


FULL WAVE 
RECTIFIER V(HYS) = K% of V(LEVEL) 


To AGC 
Charge Pump 


FIGURE 4a: Feed Forward Mode 


Logic '1' 


Logic ‘0’ V(DIN+ - DIN-) 


Voy = Hysteresis Gain Vuvs 


FIGURE 4b: Hysteresis Comparator Transfer Function 
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FREQUENCY IN MHz 


FIGURE 4c: Hysteresis Gain 


———i—— MEAN 
+3 STDEV 
-3 STDEV 


For V(HYS) = 
+15% (max) K% of V(LEVEL) 


Typically ~ 60% 
Typical ~ 60% 


—-15% (min) 


Hysteresis Threshold as a 
% of V(DIN+ — DIN-) Peak 


9MHz Frequency 


FIGURE 5: Percentage Threshold Versus Frequency 
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PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 


oO 2 ut ue z z z 
oir- [4 24 [] cine 
DIF+ | | 2 23 | | DIN+ 4 3 2 1 26 
HYS |] 3 22 | | CIN- even? a ai 
LEveL | |] 4 21 | | DIN- AGC [6 ot) BIN 
Acc |] 5 fete INe []7 23 [] ourT- 
IN+ 116 19 | | OUT+ IN- |}8 22 |} OUT+ 
IN- || 7 18 || AGND HOLD [jo 211] AGND 
FOLD [} 8 17 || BYP voo []10 20 |] BYP 
vod |} 9 16 [| OGND cout [111 19 [] DGND 
COUT | | 10 15 | | DOUT 15 


RW [| 11 14 |] Ap- per a riers 
os [] 12 13 [] vec 23238 2 3 
24-Lead PDIP, SOL 28-Lead PLCC 


THERMAL CHARACTERISTICS: © ja 


80°C/W 
CAUTION: Use handling procedures necessary 


ORDERING INFORMATION 


PART DESCRIPTION ORDERING NUMBER PACKAGE MARK 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 


Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 


0791 - rev. 2-23 ©1989 Silicon Systems, Inc. 


Notes: 
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A TDK Group § Company 


Advance Information Information 


December 1991 


a Be SSI 32P5411B 
sign ses ° Read Data Processor 


DESCRIPTION FEATURES 


The SSI 32P5411B is a bipolar integrated circuit that ° Level qualification supports high resolution 


provides all data processing necessary for detection MFM and RLL encoded data retrieval 
and qualification of MFM or RLL encoded read signals. 
e Wide bandwidth AGC input amplifier 


In read mode the SSI 32P5411B provides amplification 
and qualification of head preamplifier outputs. Pulse e¢ Standard 12V + 10% and 5V + 10% supplies 
qualification is accomplished using level qualification of 

differentiated input zero crossings. AnAGC amplifieris © Supports embedded servo pattern decoding 
used to compensate for variations in head preamp 

output levels, presenting a constant input level to the  ° Write to read transient suppression 

pulse qualification circuitry. The AGC loop can be 
disabled so that a constant gain can be used for embed- * Fast and slow AGC attack regions for fast 
ded servo decoding or other processing needs. When transient recovery 

an external clock signal is provided for time qualification, : 

the signal timing is user selectable. = User selectable data =to-clock-diming 


Inwrite mode the circuitry is disabled andthe AGC gain ° Internal voltage fault indicator 
stage input impedance is switched to a lower level to 
allow fast settling of the input coupling capacitors during * $21.0 ns pulse palring 
a write to read transition. The SSI 32P5411B requires . 94 Mb/s operation 

+5V and +12V power supplies and is available in a 28- = 

pin PLCC package. 


BLOCK DIAGRAM 


OUT+ OUT-  DIN+ DIN- CIN+ CIN- DIF- DLY- DLY+ OIF+ vcc voD 


FULL WAVE RECTIFIER 


D OUT 
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CIRCUIT OPERATION 


READ MODE 


In the read mode (R/W input high or open) the input 
read signal is amplified and qualified using an AGC 
amplifier and pulse level qualification of the detected 
signal peaks. 


The amplified head signals are AC coupled to the IN + 
and IN - pins of the AGC amplifier that is gain controlled 
by full wave rectifying and amplifying the (DIN+ - DIN-) 
voltage level and comparing itto a reference level atthe 
AGC pin. A fast attack mode, which supplies a 1.7 mA 
charging current for the capacitor at the BYP pin, is 
entered whenever the instantaneous DIN + level is 
more than 125% of set level. Between 100% and 125% 
the slow attack mode is invoked, providing 0.18 mA of 
charging current. The two attack modes allow rapid 
AGC recovery from a write to read transition while 
reducing zero crossing distortion once the amplifier is 
in range. 


The level at the AGC pin should be set such that the 
differential voltage level at the DIN+, DIN- pins is 1.00 
Vpp at the OUT+, OUT- pins which allows for up to 6 dB 
loss in any external filter connected between the 
OUT+, OUT- outputs and the DIN+, DIN- inputs. 


Gain of the AGC section is nominally 
Av2 =exp-( v2-V 


Avi 5.8+Vt 
Where: Av1 and Av2 are initial and final amplifier 
gains. V1, V2 are initial and final voltages 
on the BYP pin. 


Vt = (K x T)/q = 26 mV at room temperature. 


One filter for both data (DIN+, DIN- input) and clock 
(CIN+, CIN- input) paths, or a separate filter for each 
path may be used. If two filters are used, care must be 
exercised to control time delays so that each path is 
timed properly. A multi-pole Bessell filter is typically 
used for its linear phase or constant group delay 
characteristics. 


HYSTERESIS LEVEL 


In level qualification, hysteresis comparator eliminates 
errors due to low level additive noise, see Figure 4B. 
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The 32P5411B allows two implementations of hyster- 
esis: fixed hysteresis threshold or DIN tracking hyster- 
esis threshold. Fixed hysteresis threshold can be sim- 
ply done by a setting a DC voltage at HYS pin, such as 
from a resistor divider from VCC to GND. The hyster- 
esis threshold at the comparator can be computed as: 
Hysteresis Gain x Viiyg. For high performance system 
application, however, fixed hysteresis threshold is not 
recommended. 


DIN tracking hysteresis has the advantages of shorter 
write-to-read recovery time and lower probability of 
error with input amplitude drop out. The hysteresis 
threshold is designed as a percentage of the DIN peak 
voltage. This technique can be implemented by feed- 
ing the LEVEL output, through a resistor divider net- 
work, to the HYS pin (see Figure 5b). The LEVEL 
output, amplified peak capture of DIN voltage, can be 
computed as: Level Gain x V(DIN+ - DIN-). With the 
resistor divider, a fraction of the LEVEL output is 
presented at the HYS pin. The hysteresis threshold, as 
a function of DIN, canbe summarized as: Level Gain x 
Resistor Dividing Ratio x Hysteresis Gain x V(DIN+ - 
DIN-). For a typical case of 1 Vpp differential at DIN+ 
input, assume equal value resistors in the divider 
network, the hysteresis thresholdis 1.95 x0.50x 0.19 x 
1V = 0.185V. This represents 37% hysteresis on a 1 
Vpp signal. While both the Level Gain and Hysteresis 
threshold vs. HYS bear a moderate tolerance due to 
typical process variations, they inversely track each 
other to yield a much tighter hysteresis threshold in a 
closed loop. In designing the hysteresis threshold, the 
nominal Level Gain and Hysteresis Gain values should 
be used. The tolerance on DIN tracking hysteresis 
threshold is specified as the Tracking Hysteresis 
Threshold Tolerance in the specification. 


While the external resistor divider ratio determines the 
hysteresis threshold, the total resistance and the peak 
capture capacitor should be optimized for the system 
data rate. The RC time constant must be small enough 
to allow good response to changing DIN+ peak-to- 
peak, but large enough to provide a constant hyster- 
esis threshold in each level qualification. 


CLOCK SIGNAL PATH 


Intime qualification, the filtered clock path is to locate the 
peak of each read data pulse. By taking the time 
differentiation of the filtered read data pulse, each peak 
is transformed into zero crossing. Each zero crossing of 
this time differentiated signal clocks an edge-trigger 
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Circuit to provide output pulses. These output pulses are 
used to clock the D-type flip-flop. The COUT pin is a 
buffered test point for monitoring this function. 


The time differentiation can be achieved by one of two 
ways: (1) using the on-chip differentiator circuit, or (2) 
using external time differentiation function, such as that 
from the SSi programmable filters. 


The on-chip differentiation function is set by an external 
network between the DIF+ pins. The DLY+ pins should 
be left open. The CIN+ should be connected to the 
DIN+; the CIN- should be connected to DIN-. The 
transfer function from the CIN+ pins to the internal 
differentiator outputs, which are at the input of the edge 
triggered one-shot, is: 


2 -2000 Cs 
LCs?+ (R+92)Cs +1 


where C = extemal capacitor (20 pF to 150 pF) 
L = external inductor 
R = external resistor 
S=jw=j2nf 


CLOCK DELAY 


When the time differentiation is provided by an external 
Circuit, then the differentiated signal should be applied to 
the CIN+, separate from the read data signal at the 
DIN+. To optimize the timing at the D-flip-flop, the user 
has the flexibility to adjust the clock path delay with an 
external capacitor setting. Figure 4 illustrates the con- 
nections for this application. While C1, C2 and R1 are 
for DC offset block, to improve pulse pairing perfor- 
mance, Cdelay determines the time delay from CIN+ to 
the clock input of the D-type flip-flop. The delay is given 
as (3.7 ns / 10 pF) x Cdelay [pF]. The delay will not 


TABLE 1: Mode Control 


HOOD [| MopeE——C—Cis 
READ - Read amp on, AGC active, Digital section active 


ae oe ae HOLD - Read amp on, AGC gain held constant Digital section active 


WRITE - AGC gain switched to maximum, Digital section inactive, common 
mode input resistance reduced 
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increase beyond 0.25 / Fclock max. Do not exceed the 
max Cdelay value of: 


0.25/Fclock max. 
3.7 ns 


WRITE (DISABLED) MODE 


In the write or disabled mode (R/W input low) the digital 
Circuitry is disabled and the AGC amplifier input imped- 
ance is reduced. In addition the AGC amplifier, gain is 
set to maximum so that the loop is in its fast attack 
mode when changing back to Read Mode. The low- 
ered input impedance facilitates more rapid settling of 
the write to read transient by reducing the time constant 
of the network between the SSI 32P5411B and read/ 
write preamplifier, such as the SSI 32R512. 


Cdelay max = x 10 pF 


Internal SSI 32P5411B timing is such that this settling 
is accomplished before the AGC loop is activated when 
going to read mode. Coupling capacitors should be 
chosen with as low a value as possible, consistent with 
bandwidth requirements, to allow more rapid settling. 


LAYOUT CONSIDERATIONS 


The SSI 32P5411B is a high gain wide bandwidth 
device that requires care in layout. The designer 
should keep analog signal lines as short as possible 
and well balanced. Use of a ground plane is recom- 
mended along with supply bypassing and separation of 
the SSI 32P5411B and associated circuitry grounds 
from other circuits on the disk drive PCB. 


LOW VOLTAGE FAULT DETECTION 


A low voltage detection dircuit monitors both supplies 
and pulls an open collector TTL output low when either 
supply drops below their trip point. This option is 
available only in the 28-pin PLCC package. 
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PIN DESCRIPTION 


AGND, DGND 


vec eed 

a 

QUT+,OUT- | Oo 

BYP oe et The AGC timing capacitor is tied between this pin and AGND 
OLD a ae TTL compatible pin that holds the AGC gain when pulled low 
GC ai 

OS 

VFLT* 


A 


LEVEL 


Oo 
O 
c 
4 


CIN+, CIN- 
DIF+, DIF- 


Analog input to the differentiator 


ee Pins for external differentiating network 
Yet Buffered test point for monitoring the clock input to the flip-flop 
ae Connection for read output pulse width setting capacitor 


e) 
O 
e 
aa 


TTL compatible read output 


Open collector output that goes low when a low power supply fault is 
detected. 


“VFLT output offered in 28-pin PLCC package only. 


ELECTRICAL SPECIFICATIONS 
Unless otherwise specified 4.5 < VCC < 5.5V, 10.8V < VDD < 13.2V, 25 °C < Tj < 135 °C. 


ABSOLUTE MAXIMUM RATINGS 
Operation above absolute maximum ratings may permanently damage the device. 


PARAMETER | RATING 


12V Supply Voltage, VDD ie) ee a 
Storage Temperature -65 to 150 


140 
R/W, IN+, IN-, HOLD, VELT -0.3to VCC + 0.3 
ADO 0 av to ver + 0.av or +82 
2-28 | 


V 

V 

V 
m 


All others 0.310 VDD +0.3 
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POWER SUPPLY 


[PARAMETER | CONDITIONS | MIN 
|ICC-VCC Supply Current | Outputsunloaded =| 
|!DD-VDD Supply Current __| Outputsunoaded =| 
Outputs unloaded, T)= 135°C | | 


LOGIC SIGNALS 


0.3 v 
PVH Input ign Vokage «df SSSS*~*~rtC 


VOL - Output Low Voltage IOL = 4.0 mA ae 
VOH - Output High Voltage IOH = -400 pA 
transition to high input 


MODE CONTROL 
3.0 Us 
resistance 


| Read to Write Transition Time Me tl 


mA 


—— 

Se 

i 
V 


Write to Read Transition Time AGC settling not included, 


WRITE MODE 

Common Mode Input Impedance | R/W pin = low 250 Q 
(both sides) 

READ MODE 


Unless otherwise specified IN+ and IN- are AC coupled, OUT+, and OUT- are loaded differentially with > 600Q 
and each side is loaded with < 10 pF to GND, a 2000 pF capacitor is connected between BYP and GND, OUT+ 
is AC coupled to DIN+, OUT- is AC coupled to DIN-, AGC pin voltage is 2.2 VDC. 


AGC AMPLIFIER 


Differential Input Resistance V(IN+ — IN-) = 100 mVpp 
@ 2.5 MHz 

Differential Input Capacitance V(IN+ — IN-) = 100 mVpp 
@ 2.5 MHz 


Common Mode Input Impedance | R/W pin high 
(both sides) R/W pin low 


Minimum Gain Range 1.0 Vpp < V(OUT+ — OUT-) 4.0 83 VIN 
< 2.5 Vpp 


Input Noise Voltage 
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AGC AMPLIFIER (Continued) 


PARAMETER CONDITIONS 


UNIT 


Bandwidth Gain set to maximum MHz 
-3 dB point 
Vpp 


Maximum Output Voltage Set by AGC pin voltage 
Swing 


, 
a 
"ouput Capectares | 
30 mVpp < V(IN+ — IN-) | @ 2.5 MHz| 0.33 
|@9MHz 


(DIN+ — DIN-) Input Voltage 
Swing VS AGC Input Level < 550 mVpp; 
0.5 Vpp < V(DIN+ — DIN-) < 1.5 Vpp 


30 mVpp V(IN+ — IN-) 
< 550 mVpp AGC Fixed, 


> 


i+ 
i) 
N 


0.43 Vpp/V 
Vpp/V 


oO 


(DIN+ — DIN-) Input Voltage 
Swing Variation 


over supply & temp. 


Gain Decay Time (Td) Vin = 300 mMVpp—> 150 mVpp 
at 2.5 MHz, Vout to 90% of 


final value Figure 1a 


From Write to Read transition 
to Vout at 110% of final value 
Vin = 400 mVpp @ 2.5 MHz. 

Figure 1b 


Fast AGC Capacitor Charge V(DIN+ - DIN-) = 1.6V 
Current V(AGC) = 2.2V 

Slow AGC Capacitor Charge | V(DIN+— DIN-) = 1.6V Vary 0.14 
Current V(AGC) until slow discharge 

Fast to Slow Attack Switchover| V(DIN+—DIN- ) 3 

Point V(DIN+—DIN-) Final 


AGC Capacitor Discharge V(DIN+ — DIN-) = 0.0V 


= 
n 


Gain Attack time (Ta) 


_ 
io) 


1.25 


< 
n 


Current Read Mode 

Hold Mode +0.2 
CMRR (Input Referred) V(IN+) = V(IN-) = 100 mVpp 4 

@ 5 MHz,gain at max. 


PSRR (Input Referred) AVCC or AVDD = 100 mVpp 
@ 5 MHz, gain at max. 

Maximum AGC Amplifier V(IN+ - IN-) = 0 

Output Offset Variation Min to max gain 
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HYSTERESIS COMPARATOR 


PARAMETER CONDITIONS 
Input Signal Range eet 


Differential Input Resistance V(DIN+ — DIN-) = 100 mVpp 
@ 2.5 MHz 
Differential Input Capacitance V(DIN+ — DIN-) = 100 mVpp 
@ 2.5 MHz 


Common Mode Input Impedance | (both sides) 

Comparator Offset Voltage HYS pin at GND, < 1.5 kQ 
across DIN+, DIN- 

Hysteresis Gain At DIN+, DIN- pins 

(see figure 5c) 1V < V (HYS) < 3V 

HYS Pin Input Current 1V < V (HYS) <3V 


Tracking Hysteresis V (Hys) = some % of 
Threshold Tolerance *V (AGC) or V (LEVEL) 
1V < V (Hys) < 3V; f = 0-9 MHz 


0.6 <| V (DIN+— DIN-) | 
<1.3 Vpp, 10 kQ from LEVEL 
pin to GND 


LEVEL Pin Max Output Current Pe ee 
LEVEL Pin Output Resistance (LEVEL) =0.5 mA 


DOUT Pin Output Low Voltage 0.0<IOL<0.5mA VDD -4.0 
DOUT Pin Output High Voltage 0.0<IOH<0.5 mA VDD -2.5 


“In an open loop configuration where reference is V(AGC) tolerance can be slightly higher 
ACTIVE DIFFERENTIATOR 


Input Signal Range 


Differential Input Resistance V(CIN+ — CIN-) = 100 mVpp 
@ 2.5 MHz 

Differential Input Capacitance V(CIN+ — CIN-) = 100 mVpp 

@ 2.5 MHz 


UNIT 


_ 
© 


< 


0.19 


+15 % Peak 


Level Gain V/Vpp 


(see figure 5d) 


VDD -2.8 
VDD -1.8 


ws i] 
° and, 


aks 
Ni 


p 


Common mode Input Impedance | (both sides) 
Voltage Gain From CIN+ to DIF+ | R(DIF+ to DIF-) = 2 kQ 


DIF+ to DIF- Pin Current Differentiator Impedance 
must be set so as not to clip 
signal at this current level 

Comparator Offset Voltage DIF+, DIF- are AC Coupled 

COUT Pin Output Low Voltage 0.0<IOH<0.5 mA 


COUT Pin Output Pulse voltage 0.0<IOH<0.5 mA 
V(high) - V(low) 


COUT Pin Output Pulse Width 0.0<IOH<0.5 mA 30 


Delay Function Rl = 100 kQ, Cl = 7 C2 =2.2 pF Delay = 3.7 x Cdelay 
Cdelay (pF) Figure 4 
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OUTPUT DATA CHARACTERISTICS (See Figure 2) | 

Unless otherwise specified V(CIN+ — CIN-) = V(DIN+ — DIN-) = 1.0 Vpp AC coupled sine wave at 2.5 MHz 
differentiating network between DIF+ and DIF- is 100Q in series with 65 pF, V (Hys) = 1.8 DC, a33 pF capacitor 
is connected between OS and VCC, RD- is loaded with a 4 kQ resistor to VCC and a 10 pF capacitor to GND. 


Min delay from V(DIN+ DIN-) 
exceeding threshold to 
V(DIF+ — DIF-) reaching 

a peak 


Output Data Pulse Width Td5 = 11.4 ns + 740 « Cos 
50% -50% 
Variation 15 pF < Cos < 150 pF 


[Td3 - Td4| 
From 0.4V to 2.4V level 
From 0.4V to 2.4V level 


SUPPLY VOLTAGE FAULT DETECTION 


4.5 <VCC <5.5V, 


IOL = 1.6 mA 
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—_ Ta 
V (OUT+ — OUT-) tt 
V (OUT+ — OUT-) 
of 


FIGURE 1(a), (b): AGC Timing Diagrams 


+HYSTERESIS LEVEL 
V (CIN+ — CIN-) 
V (DIN+ ~ DIN-) 


—HYSTERESIS LEVEL 


V (DIN+ — DIN-) 


V (COUT) 
FLIP-FLOP CLOCK 


V (DOUT) 
FLIP-FLOP D INPUT 
Ta3 


RD OUTPUT 
READ DATA 


FIGURE 2: Timing Diagram 
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TO SERVO CIRCUIT 


O1pF 
ARie desea eerie 
Eps [ocr TF 
> BUFFER 
OZO0 | 
CK CK 
ae) 
D aL ONE SHOT = READ DATA 
13) 


\ /eurrer i 
33 pF | 
+12V 


READ/WRITE F 
AMPLIFIER ’ SLOW 


DIGITAL 
GROUND 


READ/WRITE 
SERVO HOLD 


READ/WRITE 
CONTROL & WRITE 
DATA 


NOTE: Circuit traces for the 12V bypass capacitor and the AGC Hold Capacitor should be as short as possible with both capacitors returned to 
the Analog Ground Pin. 
Component values, where given, are for a 24 Mbit/s System. 
Above pin numbers are for the 28-pin PLCC package. 


FIGURE 3: Typical Read/Write Electronics Set Up 
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For DC offset block only 
C1=C2=2.2 UF 
R1 = 100k 


Time Delay = 3.7 ns/10 pF x Cdelay 
from CIN+ to One Shot Output 


Cdelay 


CIN- CIN+ DIF- DLY- DLY+ DIF+ 


are 


FIGURE 4: SSI 32P5411B Clock Delay Application Diagram 
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V(DIN+ — DIN-) * PEAK V(intermal) ~ 


FULL WAVE | 
RECTIFIER V(HYS) = K% of V(LEVEL) 


To AGC 
Charge Pump 


FIGURE 5a: Feed Forward Mode 


Logic ‘1' 


Logic '0' V(DIN+ - DIN-) 


Voy = Hysteresis Gain « Vuys 


FIGURE 5b: Hysteresis Comparator Transfer Function 
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+3 STDEV 
-3 STDEV 


FREQUENCY IN MHz 


FIGURE 5c: Hysteresis Gain 


—t—— MEAN 
Vpp/V 1.8 ——¢— +3STDEV 
—s— -3STDEV 
17 


1.6 
6 8 10 


FREQUENCY IN MHz 


FIGURE 5d: Level Gain 


For V(HYS) = 
+15% (max) 7 K% of V(LEVEL) 


Typically ~ 60% 
Typical ~ 60% 


Hysteresis Threshold as a 
% of V(DIN+ — DIN-) Peak —15% (min) 


Frequency 


FIGURE 6: Percentage Threshold Versus Frequency 
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PACKAGE PIN DESIGNATIONS THERMAL CHARACTERISTICS: 6ja 


(Top View) 28-Lead PLCC 


~ on 
a > 
rea ee 
ee DE ee 
4 3 


rol] DIF+ 
~{] DIF- 
{] CIN+ 
H DING 
0 cin. 


VFLT 
DIN- 
OUT- 
OUT+ 
AGND 
BYP 
DGND 


ES a SO a es a 

E YM OO gAste.re 
O 3 O ~ 2 

= > i“ re) 

a) 


28-Lead PLCC 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 


Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for 
final design. 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 


reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 


Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 


©1991 Silicon Systems, Inc. . 2-38 
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A TDK Group { Company and Servo Demodulator 


‘f+ SSI 32P544 
sign se ; Read Data Processor 


July 1990 
DESCRIPTION FEATURES 


The SSI 32P544 Read Data Processor and Servo. e wide bandwidth AGC input amplifier 
Demodulator has a fully integrated bipolar circuit that 


detects and validates amplitude peaks in the output ° ‘evel qualification supports MFM and RLL en- 


from a disk drive read amplifier, as well as detecting coded data retrieval 
embedded servo information to provide position error ¢ Fast and slow AGC attack and decay regions 
signals used for read head positioning. for fast transient recovery 


Time and amplitude qualification are used to provide a  SEMBedged seivo cheluie provcee seve pure! 


TTL compatible output that accurately duplicates the capture and difference circults 

time position of input signal peaks. An AGC control ° Local servo AGC provided based on servo 
loop, using a dual rate charge pump, provides a con- burst output amplitude sum 

stant imput amplitude for the level qualifier. Level + Standard +10%, 12V and 5V supplies 
qualification can be implemented as a fixed threshold 
or a constant percentage that tracks signal amplitude 
that enhances qualification during AGC looptransients. 


¢ Write to Read transient suppression 


(Continued) 


BLOCK DIAGRAM 


EXTERNAL FILTER aE! CEX 
LEX 
REX 


L 
DECAY 


NABLE ry] = 
AW READ DATA <a 
[| PROCESSOR ak er 
MODE CONTROL | = 
U] 
DGNO 


DIGITAL 
GND 


KEEP LEADS 
SHORT 


I wes peal oi 
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DESCRIPTION (Continued) 


_ The Servo Demodulator consists of two peak detector 
channels that capture rectified servo data peaks. Buff- 
ered individual channel outputs are provided along 
with a difference output. Servo channel gain can be 
controlled by an AGC signal based on maintaining the 
amplitude of the sum of both channels. 


The circuit also provides a voltage fault flag that indi- 
cates a low voltage condition on either supply. | 


The SSI 32P544 requires standard +10% tolerance 
+5V and +12V supplies and is available in a 44-pin 
PLCC package. | 


CIRCUIT OPERATION 


READ MODE 


In Read Mode the SSI 32P544 is used to process either 
data or servo signals. In the Data Read Mode the input 
signal is amplified and qualified using an AGC amplifier 
and pulse level qualification of the detected signal 
peaks. In the Servo Read Mode the input signal is 
amplified and an error signal based on amplitude 
comparison is made available. 


DATA READ MODE 


An amplified head output signal is AC coupled to the 
IN+ and IN- pins of the AGC amplifier. Gain control is 
accomplished by full wave rectifying and amplifying the 
[(DIN+) - (DIN-)] voltage level and comparing it to a 
reference voltage level at the AGC1 pin. 


Two attack modes are entered depending on the 
instantaneous level at DIN+. For DIN+ levels above 
125% of desired level afast attack mode is invoked that 
supplies 1.7 mA charging current to the network on the 
BYP1 pin. Between 125% and 100% of the desired 
level the circuit enters a slow attack mode and supplies 
0.18 mA of charging current. This allows the AGC to 
rapidly recover during a write to read transition but 
reduces distortion once the AGC amplifier is in range. 


Two decay modes are available that apply a discharge 
current to the BYP1 pin network when DIN+ falls below 
the desired level. An internal decay current sink will 
supply 4.5 pA of discharge current. Also, if |(DIN+) - 

(DIN-)| is above 200 mVop a decay current, controlled 


by a resistor from BYP1 to DECAY, is switched in to 
decrease decay time. The amount of charge pulled 
from the AGC timing capacitor on each data pulse is: 


Qpecay = K1(Ton + Ts)/RDECAY 
Where: 
Ki = 4.0V typ. 


Ton = Time in seconds that the data pulse at DIN+ 
is greater than 200 mVop 


Ts = Switching time in seconds (<2 ys, max) 


The AGC1 pin is internally biased so that the target 
differential voltage input at DIN+ is 1.0 Vpp at nominal 
conditions. The AGC1 voltage canbe modified by tying 
a resistor between AGC1 and ground or VCC. A 
resistor to ground decreases the voltage level while a 
resistor to VCC increases it. The resultant AGC1 
voltage level is: 


Where: 
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V = Voltage at AGC1 with pin open (2.2V, nom.) 
Rint = AGC1 pin input impedance (6.7 kQ, typ.) 
Rx = External resistor. 


The new DIN+ input target level is nominally 0.48 Vpp/ 
VaGc1 


The AGC amplifier can swing 3.0 Vpp at OUT+ which 
allows for up to 6 dB loss in any external filter between 
OUT+ and DIN+. 


Gain of the AGC amplifier is nominally: 
Avi/Av2 = el6-9 (v2 - V1) 
Where: 


_Av1, Av2 are initial and final amplifier gains. 
V1, V2 are initial and final voltages on the BYP1 pin. 
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The minimum output current from the AGC amplifier is 
+3.2 mA. In cases where more current is required to 
drive a low impedance load the current can be in- 
creased by connecting load resistors Ri from OUT= to 
GND, as shown below. 


lout min = +3.2 mA + (6.5/Ri) 
Where: Ri = 2 kQ 


One filter for both amplitude (DIN+ input) and time 
(CIN+ input) channels, or a separate filter for each may 
be used. If two filters are used, attention must be paid 
to time delays so that each channel is timed properly. 
A multi-pole Bessel filter is typically used for its linear 
phase or constant group delay characteristics. 


Inthe amplitude channel the signal is sent to a hyster- 
esis comparator. The hysteresis threshold level is set 
so that it will be tripped only by valid signal pulses and 
not by baseband noise. It can be fixed levelor a fraction 
of the DIN+ voltage level. 


The latter approach is accomplished by using an exter- 
nal filter/network between the LEVEL and HYS pins. 
This allows setting the AGC slow attack and decay 
times slow enough to minimize time channel distortion 
and setting a shorter time constant for the hysteresis 
level. The LEVEL pin output is a rectified and amplified 
version of DIN+, 1.0 Vpp at DIN+ results in 2.0 Vop 
nominally, at the LEVEL pin. A voltage divider is used 
from LEVEL to ground to set the Hysteresis threshold 
at a percentage of the peak DIN+ voltage. For example, 
if DIN+ is 1.0 Vpp, then using an equal valued resistor 
divider will result in 1.0 Vop at the HYS pin. This will 
result ina nominal +0.210V threshold or a 42% thresh- 
old of a+0.500V DIN+ input. The capacitor is chosen 
to set an appropriate time constant. This “feed forward” 
technique speeds up transient recovery by allowing 
qualification of the input pulses while the AGC is still 
settling. This helps in the two critical areas of write to 
read and head change recovery. Some care in the 
selection of the hysteresis level time constant must be 
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exercised so as to not miss pattern (resolution) induced 
lower amplitude signals. The output of the hysteresis 
comparator is the “D” input of a D-type flip-flop. The 
DOUT pin provides a buffered TTL compatible com- 
parator output signal for testing purposes or for use in 
the servo circuit if required. 


In the time channel the signal is differentiated to trans- 
form signal peaks to zero crossings which are detected 
and used to trigger a bi-directional one-shot. The one- 
shot output pulses are used as the clock input of the D 
flip-flop. The COUT pin provides the one-shot output 
for test purposes. 


The differentiator function is accomplished by an exter- 

nal network between the DIF+ and DIF- pins. The 

transfer function from CIN+ to the comparator input 

(not DIF+) is: 
Ay =__71000(Abuf)(Cs) 

2LCs* + C(R +92)s +1 

C, L, R are external passive components 

20 pF <C < 150 pF 

Abuf = Gain From CIN+ to DIF+ 


S = j@ = jen 


Where: 


During normal operation, the time channel clocks the D 
flip-flop on every positive and negative peak of the 
CIN+ input. The D input to the flip-flop only changes 
state when the DIN+ input exceeds the hysteresis 
comparator threshold opposite in polarity to the previous 
threshold exceeding peak. 


The time channel, then, determines signal peak timing 
and the amplitude channel determines validity by 
blocking signal peaks that do not exceed the hysteresis 
comparator threshold. The delays in each of these 
channels to the D flip-flop inputs are well matched. 


The D flip-flop output triggers a one-shot that sets the 
RD output pulse width. Width is controlled by an 
external capacitor from the OS pin to VCC. 


SERVO READ MODE 


A position error signal (PES) is generated based onthe 


relative amplitude of two servo signals, A and B. 


Several methods are made available for maintaining 


channel gain during servo signal processing. 
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SERVO READ MODE (Continued) 


Rectified servo signal peaks are captured on hold 
Capacitors at the HOLDA/B pins. This is accomplished 
by pulling LATCHA or LATCHB low for a sample pe- 
riod. Additionally, a hold capacitor discharge current of 
upto 1.0 mAcanbe turned onby pulling RSTAor RSTB 
low. The discharge current is determined by a resistor 
tied between CS and ground. Its magnitude is: 


Ics = 2.6/(Rcs + 750) A, typ. 
Where: Recs = resistor from CS to ground 


Outputs BURSTA/B & PES are referenced to an exter- 
nal reference applied to the VREF pin. 


As noted, several methods are used to determine 
channel gain in Servo Read Mode. These methods 
make use of the data read mode AGC loop, the servo 
AGC loop and external or fixed AGC loop gain. Two 
methods are used that control the channel gain based 
on maintaining the sum of A & B channel amplitudes. 


In one case (see Figure 1) the BYP2 pin is connected 
to the GAIN pin and the servo channel gain is deter- 
mined by the read channel gain as controlled by the 
sum of the A and B amplitudes. In this case a current 
is sourced/sinked to/from the capacitor on the GAIN/ 
BYP2 pin whenever the HOLD2 pin is pulled high. The 
current magnitude and direction is determined by: 

Ic = Ka[(Ks * Vacca) - Va(DIN)pp - Vb(DIN)pp] 
Where: 

Vaac2 = AGC2 pin voltage 


Ka = 650 pA/Vpp 
Ks = 0.39 V/V 


Va/b(DIN)pp = peak to peak A or B servo pattern 
Signal voltages at DIN+ 


The other case (See Figure 2) controls the channel by 
fixing the Read Data channel gain by taking HOLD1 
low and closing the loop about the Servo Channel AGC 
(LOCOFF is held low for this mode). 


HOLD2 is used to update the control voltage on the 
AGC capacitor at the BYP2 pin. This AGC function has 
a time constant defined by: 


Time Constant = Ke * Cayp2 
Where: Ke = 1.64 to 7.5 kQ 
Cayp2 = BYP2 pin capacitor value in farads 
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Another method (see Figure 5) uses either a fixed 
voltage at the GAIN pin to determine channel gainora 
gain based on preamble data amplitude. In this case no 
AGC methods are used that are based on servo signal 
amplitudes. Gain, as determined by an external volt- 
age has been covered above. In the preamble method 
HOLD1 is taken low during a preamble and the channel 
gain, determined by that necessary to maintain DIN+ 
as programmed by the AGC1 voltage, is held during 
servo data processing. 


WRITE MODE 


In Write Mode the SSI 32P544 is disabled and preset 
for the following Read Mode. The digital circuitry is 
disabled, the input AGC amplifier gain is set to maxi- 
mum and the AGC amplifier input impedance is re- 
duced. 


Resetting the AGC amplifier gain and input impedance 
shortens system Write to Read recovery times. With 
the AGC gain at maximum when returning to Read 
mode the AGC loop is in fast attack mode. 


The lowered input impedance improves settling time 
by reducing the time constant of the network between 
the SSI 32P544 and a read preamplifier such as the 
SSI 32R510A. Write to read timing is controlled to 
maintain the reduced impedance for 1.2 to 3.0 us 
before the AGC circuitry is activated. Coupling capaci- 
tors should be chosen with as low a value as possible 
consistent with adequate bandwidth to allow more 
rapid settling. 


POWER DOWN MODE 


A power down mode is provided to reduce power 
usage during the idle periods. Taking ENABLE pin low 
selects this mode. Recovery from this state can be slow 
due to the necessity of charging external capacitors. 


LOW VOLTAGE FAULT DETECTION 


A low voltage detection circuit monitors both supplies 
and pulls an open collector TTL output low whenever 
either supply drops below their trip point. 


MODE CONTROL 


The SSI 32P544 circuit mode is controlled by the 
ENABLE, R/W, AGCMODE, HOLD1, HOLD2, and 
LOCOFF pins as shown in Table 1. 
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Data Read Mode > 


AGC active and controlled by data, Digital section 
active 


Data Read Mode, Hold 


AGC gain held constant, Digital section active. Gain 
will drift higher at rate determined by Caype1 and Hold 
mode discharge current. 


Servo Read Mode | (See Figures 1 & 3) 


The BYP2 and GAIN pins are tied together. Read 
amplifier AGC control voltage developed from sum of 
Servo signal levels. HOLD2 is toggled to update the 
control voltage after each Servo frame. 


Servo Read Mode II (See Figures 2 & 4) 


Read amplifier AGC gain heldfixed (HOLD 1 low). Servo 
AGC loop activated with HOLD2 toggled to update or 
hold gain based on a constant servo signal sum. 


TABLE 1: SSI 32P544 Circuit Mode Control 


ENABLE 


amt | ie 
rn ee ce 
eee cee oc 
ee ee ee 
oe 

ae a 
ee oe 
a 
ee ce ee 
ie ae Oe A 


0790 - rev. 


HOLD1 HOLD2 | LOCOFF | READ PATH MODES 


1 
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Servo Mode Ili (See Figure 5) 
Read channel gain determined by voltage on GAIN pin. 


Write 

Read amplifier input impedance reduced. BYP1 pin 
voltage pulled low to select maximum amplifier gain. 
Digital section deactivated. 

Power Down 

Circuit switched to a low current disabled mode. 
Note: When AGCMODE is switched to a low state the 
voltage at the BYP1 pin will be held subject to Hold 
mode discharge current induced drift. So, when return- 
ing to Data Read Mode, the channel gain will be the 


same as it was prior to AGCMODE switching or slightly 
higher. 


Data Read Mode 
Data Read Mode Hold 


Servo Read Mode | 


Servo Read Mode II 


Servo Mode Iii 


SSI 32P544 
Read Data Processor 
and Servo Demodulator 


READ PULSE 
FILTER | | QUALIFICATION 
=] rire BucATe 


To Bre | PWR | 


SAMPLE -§ y. 
ee Rise ees 
+ A+B 
SUMMING 
CIRCIUTRY 


TO GAIN 
PIN 


FIGURE 1: Servo Read Mode | 


READ PULSE 
S| ae [eaten 


FIGURE 2: Servo Read Mode Il 
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+0.5 V 

+0.25 V 

(DIN+) — (DIN-) OV 
-0.25 V 

0.5V 


VLATCHA 


VASTA 


VLATCHB 


Tds3 
Vrsts 


A CHANNEL 
DISCHARGE CURRENT 


CHANNEL 


B 
DISCHARGE CURRENT 


VREF +1.7 V 
VBURSTA 
VREF V 


VeurRsTB 
VREF +0.85 V 
VREF V 


VREF +0.85 V 
VPES VREF V 


HOL62 
AGC AMP GAIN 


OV/V 


FIGURE 3: Servo Read Mode | Timing Diagram 
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soieecione seg eet ie Se 
wee PASS Ra 2 ee ee ee ee eS ae eee 
| pe Nd ee 


-0.5V 


VLATCHA 


VASTA 


VLATCHB 
VRSTB 


A CHANNEL 
DISCHARGE CURRENT 


B CHANNEL 
DISCHARGE CURRENT 


VREF +17 V 
VBURSTA 


VREF 


VBURSTB 
VREF + 0.85 


VREF 


VREF + TBD 
VPES VREF 


FIGURE 4: Servo Read Mode II Timing Diagram 
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READ PULSE 
QUALIFICATION 
CIRCUITRY 


FIGURE 5: Servo Read Mode Il 
PIN DESCRIPTIONS 


POWER SUPPLY AND CONTROL 


[NAME | DESCRPTION SOS 
VFLT 


ENABLE" TTL compatible power up control pin. A low input selects a low power state. 
|VFLT Open collector output that goes low when a low power supply fault is detected. 


AGC GAIN STAGE 


IN+, IN- Analog signal input pins 
OUT+, OUT- Read path AGC amplifier output pins 
Reference input voltage level for the read path AGC loop 


AGCMODE* TTL compatible pin that selects the AGC loop control input. A high selects BYP1, a low 
GAIN. 


BYP1 ? An AGC timing capacitor or network is tied between this pin and AGND. 


GAIN A voltage at this pin may be used to control AGC gain 


DECAY A resistor to control the AGC loop decay time constant may be tied between this pin and 
BYP1. 
HOLD1* TTL compatible control pin that holds the read path AGC loop gain constant when low 
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PIN DESCRIPTIONS (Continued) 


DIGITAL PROCESSING STAGE 


ans Toso 
js [ nenatattetntsnamerommem 
a LP VE 
[po [remem mason 


SERVO BURST CAPTURE STAGE 


An AGC timing capacitor or network is tied between this pin and AGND. 
TTL — control pin that holds the servo AGC loop gain constant when low. 


Position error signal A minus .B puIbUL 


TTL compatible input to select path for PES signal. (Local On/Off) Selects between AGC 
amp. output or A-B output. 


* These inputs have internal pull-ups, so an open connection is the same as a high input. 
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ELECTRICAL SPECIFICATION 


ABSOLUTE MAXIMUM RATINGS 
Operation outside these rating limits may cause permanent damage to this device. 


PARAMETER RATING UNIT 


Pin Voltage 
GAIN, BYP1/2, AGC1/2 LEVEL, HYS, HOLDA/B, VREF 
BURSTA/B, PES, COUT, DIF+, OUT+ 


Pin Voltage = _ 7 
IN+, AGCMODE, HOLD1/2, ENABLE, R/W, LATCHA/B, 
RSTA/B, CS, LOCOFF, OS, CIN+, DIN+ 


Pin Voltage 
RD, DOUT, DECAY, VFLT 


RECOMMENDED OPERATING CONDITIONS 
Currents flowing into the chip are positive. 


[vos Sippyvelaws 
fvo0 Sippy Vota 
[ta AnbietTempere | 


ELECTRICAL CHARACTERISTICS 


POWER SUPPLY 
Recommended conditions apply unless otherwise specified. 


PARAMETER CONDITIONS | MIN | NOM | 
ICC = VCC Supply Current Outputs unloaded, 
ENABLE = high or open 


IDD VDD Supply Current Outputs unloaded 
ENABLE = high or open 


ENABLE = low 
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POWER SUPPLY (Continued) 


PARAMETER 


CONDITIONS 


Tj = 145°C, ENABLE = high, 
Outputs unloaded 


Pd — Power dissipation . 


ENABLE = low, 
Outputs unloaded 


LOGIC SIGNALS 


Wt wpatowvones—SSC*d 
fw ottonvewse 
or oman fore —_| 


2.4 


Output full time VOL = 0.4V" 


*10 - 90%, 10 pF capacitor to DGND 


MODE CONTROL 


Enable to/from Disable Settling time of external 
| Transition Time Capacitors not included 
ENABLE pin high to/from low | 


HOLD1 On to/from 
HOLD2 Off Transition Time 


Output rise time VOH = 2.4V* a a 


HOLD2 On to HOLD2 Off 
Transition Time 
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WRITE MODE 


PARAMETER 


Common Mode Input 
Impedance 


READ MODE 


READ PATH AGC AMPLIFIER 


Unless otherwise specified, recommended operating conditions apply. Input signals are AC coupled to IN+. 
OUT+ are loaded differentially with >600Q, and each side is loaded with < 10 pF to AGND, and AC coupled 
to DIN+. A 2000 pF capacitor is connected between BYP1 and AGND. AGC1 pin is open. R/W is high. 


PARAMETER CONDITION 


Gain Range 1.0 Vpp < (OUT+) — (OUT-) 
< 3.0 Vpp 
Output Offset Voltage Over entire gain range 


Maximum Output Set by BYP1 pin 

Voltage Swing 

Differential Input Resistance (IN+) — (IN-) = 100 mVpp 
@ 2.5 MHz 


Differential Input Capacitance (IN+) — (IN-) = 100 mVpp 
@ 2.5 MHz 


Common Mode Input 
Impedance 


R/W = Low 


Bandwidth -3 dB bandwidth at 
maximum gain 
OUT+ to OUT- Pin Current No DC path to AGND +3.0 


CMRR (Input Referred) (IN+) = (IN-) = 100 mVpp 
@ 5 MHz, gain set to max 
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READ PATH AGC AMPLIFIER (Continued) 


PARAMETER CONDITION 


PSRR (Input Referred) VDD or VCC = 100 mVpp 
| @ 5 MHz, gain set to max 


Externally controlled K2, AGCMODE = Low 89 
Gain Constants 
AV = K2 « elK3+ VGAIN) W/V | K3, AGCMODE = Low 1.95 


UNIT | 


Gain pin parasitic : AGCMODE & HOLD1 = low 
Input current 7 a 


(DIN+) — (DIN-) Input | 30 mVpp < (IN+) — (IN-) 0.36 
Swing vs. AGC1 Input ~ <550 mVpp 


I+ 

Oo 
+ + 
ro) + ro) 


0.5 Vpp < (DIN+) — (DIN-) 
< 1.5 Vpp, AGCMODE & 
HOLD1 = high 


(DIN+) —(DIN-) Input Voltage | 30 mVpp < (IN+) — (IN-) 
Swing Variation < 550 mVpp 


AGC1 Voltage AGC1 open, Vigcos) = 2 35V 
AGC1 Pin Input Impedance 


Fast Decay Threshold AGCMODE = high 
(DIN+) — (DIN-) 

Slow AGC Capacitor Discharge ae (DIN-) = OV 
Current = 4, i 


AGC Capacitor Leakage AGCMODE = high, 
Current HOLD1 = low, 
2.5V < Vavp < 5.5V 


Siow AGC Capacitor Charge (DIN+) — (DIN-) = 0.75 VDC, 
Current vary AGC1 until slow charge 
begins 


Fast AGC Capacitor Charge (DIN+) — (DIN-) = 0.75 VDC, 
Current VaGc1 = 3.0V 

Fast to Slow Attack [(DIN+) — (DIN-)] - 
Switchover Point [(DIN+) — (DIN-)] FINAL 


_ 


Gain Decay Time (Td) 
| (See Figure 6a) 


(IN+) — (IN-) = 300 mVpp to 
150 mVpp @ 2.5 MHz 

DECAY pin open, (OUT+) — 
(OUT-) to 90% final value. 
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READ PATH AGC AMPLIFIER (Continued) 


PARAMETER CONDITION 


Gain Attack Time (Ta) R/W = low to high 


(See Figure 6b) (IN+) — (IN-) = 400 mVpp 
@ 2.5 MHz, (OUT+) — (OUT-) 
to 110% final value 


HYSTERESIS COMPARATOR 


Unless otherwise specified, recommended operating conditions apply. Input (DIN+) —(DIN-) is an AC coupled, 
1.0 Vpp, 2.5 MHz sine wave. 1.8 VDC is applied to the HYS pin. ENABLE and R/W pins are high. 


PARAMETER CONDITIONS 


Differential Input Resistance (DIN+) — (DIN-) = 100 mVpp 
@ 2.5 MHz 
Differential Input Capacitance (DIN+) — (DIN-) = 100 mVpp 
@ 2.5 MHz 
Common Mode Input 
Impedance (Both Sides) 
Level Pin Output Voltage 0.6 Vpp < (DIN+) — (DIN-) 


vs. (DIN+) — (DIN-) < 1.5 Vpp, 10K between 
LEVEL and AGND 


Hysteresis threshold margin as 
a % of V(DIN+) — (DIN-) peak 


V(HYS) = some % of 
“V(AGC) or V(LEVEL) 
1V < V(HYS) < 3V 
“see Figures 8 &9 


HYS Pin Current 1V<HYS <3V 


Comparator Offset Voltage HYS pin at AGND mV 
< 1.5 kQ across DINt 


* In an open loop configuration where reference is V(AGC) tolerance can be slightly higher. 
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ACTIVE DIFFERENTIATOR | r 
Unless otherwise specified, recommended operating conditions apply. Input (CIN+) — (CIN-) is an AC- 
coupled, 1.0 Vpp, 2.5 MHz sine wave. 100Q in series with 65 pF are tied from DIF + to DIF-. 


PARAMETER CONDITIONS 


Differential Input Resistance (CIN+) — (CIN-) = 100 mVpp 
@ 2.5 MHz 


Differential Input Capacitance (CIN+) — (CIN-) = 100 mVpp 
@ 2.5 MHz | 
Common Mode Input Impedance | Both sides 


Voltage Gain From (DIF+ to DIF-) = 2 kQ 1.7 VN 
CIN+ to DIF+ 


DIF+ to DIF- Pin Current Differentiator impedance 
must be set so as to not clip 
the signal for this current 
level 


Comparator Offset Voltage DIF+, DIF- are AC-coupled 
COUT Pin Output Low Voltage 0<IOL<0.5 mA 


COUT pin Output Pulse 0<lIOL<0.5mA 
Voltage, VHIGH - VLow 


| COUT pin Output Pulse Width 0<IOH<0.5 mA 


VUIN«) = (IN-) 
V(IN+) — (IN+) 
RW 


— 


V(OUT+) - (OUT-) VAN sag 
ViouT+) - (OUT-) 
(a) 


FIGURE 6: AGC Timing Diagram 
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Td5 Output Pulse Width | Td5 = 800(Cos) @ Vr_p = 1.4V +15 | % 
Variation 50 pF < Cos < 200 pF 
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OUTPUT DATA CHARACTERISITICS (See Figure 7) 


Unless otherwise specified, recommended operating conditions apply. Inputs (CIN+) — (CIN-) and (DIN+) — 
(DIN-) are in-place as a coupled, 1.0 Vpp, 2.5 MHz sine wave. 100Q in series with 65 pF are tied from DIF + 
to DIF-. 1.8V is applied to the HYS pin. A 60 pF capacitor is tied between OS and VCC. RD is loaded with a 
4 kQ resistor to VCC and a 10 pF capacitor to DGND. ENABLE and R/W pins are high. 


CONDITIONS 


Minimum allowable time 
delay from (DIN+) — (DIN-) 
exceeding hysterisis 

point to (DIF+) — (DIF-) 
hitting a peak value. 


PARAMETER 


Td1 D Flip-Flop Set Up 
Time 


+HYSTERESIS LEVEL 
ViCIN+) - (CIN-) 
and OV 
V(DIN+) ~ (DIN-) 


-HYSTERESIS LEVEL 


V (DIN+ — DIN-) 


DIFFERENTIATOR 
COMPARATOR OUTPUT 


VcOUuT 


RD OUTPUT 


FIGURE 7: Read Mode Digital Section Timing Diagram 
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| V(DIN+ — DIN-) “PEAK V(internal) 
Ct 
| FULL WAVE 
RECTIFIER V(HYS) = K% of V(LEVEL) 


To AGC 
Charge Pump 


V(AGC) 


FIGURE 8: Feed Forward Mode 


For V(HYS) = 
+15% (max) K% of V(LEVEL) 


Typically ~ 60% 
Typical ~ 60% 


—15% (min) 


Hysteresis Threshold as a 
% of V(DIN+ — DIN-) Peak 


9MHz Frequency 


FIGURE 9: Percentage Threshold vs. Frequency 
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SERVO SECTION (Unless otherwise specified, recommended operating conditions apply.) 


PARAMETER CONDITIONS 
VREF Voltage Range 


AGC2 Pin Voltage AGC2 Pin Open, 


= 3.4V 
AGC2 Pin Input Impedance 


BURSTA/B pin Output LATCHA/B = Low 
Voltage vs (DIN+) — (DIN-) VBURSTAB - VREF 


TBING) - (DIN-) =1.7 V/Vp-p 


UNIT 


if 
© 


< 


V nace) 


kQ 
+6.5 % 


a + 
—_ ol 
oO 
o~ 


+80 


BURSTA/B Output CATCHA/B = Low, 
| Offset Voltage (DIN+) = (DIN-), 
Veurst - VREF RCS = 38.3 kQ 


BURSTA - BURSTB Output CATCHA/B = low 
Offset Match (DIN+) = (DIN-) 


Maximum PES Pin Output Controlled by AGC2 
Voltage 


< 


+15 


_ 
on 


pa a 
< 


Vpp 


wl 
os) 


< 


+50 


PES Pin Output Offset Voltage Vees - VREF, (DIN+) = (DIN-) 
LATCHA/B = Low 


After 30 sec. temp. stable 


Output Resistance, BURSTA/B & 
PES pins 


Hold A/B Charge Current LATCHA/B = Low 
HOLDA/B Discharge RSTA/B = Low, +15 %o 
Current Tolerance ICS = 2.6V/(RSC + 750Q) 


RSTAB = High, 
LATCHA/B = High 


Load Resistance Resistors to VREF 
BURSTA/B, PES pins 

| Load Capacitance 
BURSTA/B, PES pins 
LATCHAVB pin set up time (Tds1 in Figures 3 & 4) 150 
LATCHA/B pin Hold Time (Tds2 in Figures 3 & 4) 15 


Channel A/B Discharge (Tds3 in Figures 3 & 4) 
Current Turn On time 
Channel A/B discharge (Tds4 in Figures 3 & 4) 
Current Turn Off time 


ond, t 
io) pare 
oO ol 


© 


150 


150 


BYP2 Pin Parasitic Input Current | HOLD2 = Low 
LOCOFF = Low +0.02 
LOCOFF = High 49.0 
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SERVO SECTION (Continued) . 


| | PARAMETER CONDITIONS 
| BYP2 Pin Charge/Discharge K4, HOLD2 =High 487 
| Ks, HOLD2 = High 


2 
Current 
Ic = Ka[(Ks © VAGC2) — 2 
VA(DIN)pp - VB(DIN)pp] 


*AGC Gain Range LOCOFF=Low 


VPES pp vs. VaGcc2 VpeEs pp/Vaac2 
LOCOFF = Low 1.24 
| LOCOFF = High 


VPeEs pp/Vacc2 
AGC2=Open 
LOCOFF = Low 


BURSTA/B Pin Output vs. Vacc2 | (Va + VB - 2VREF)/Vaac2 


LOCOFF = High 


Va + Ve - 2VREF, 
AGC2=Open. 
LOCOFF = High 


*Av = (VPES - VREF)/(Va(pIN)pp + VB(DIN)pp) 


Supply Voltage Fault Detection 


PARAMETER 


VDD Fault Threshold 
VCC Fault Threshold 


| VOL Output Low 4.5<VCC < 5.5V, 
IOL = 1.6 mA 


1.0< VCC < 4.5, 
lIOL = 0.5 mA 
IOH Output High Current | | 
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PACKAGE PIN DESIGNATIONS 


(Top View) 
+ ! - 
5b 22226 6 Be t 
re) O Oo O oO Qa < a) Qa 
bai) = __ = a Ld = wa 
5 4 3 2 1 40 
AGND 39} | HYS 
BYP1 38 |} LEVEL 
GAIN 37 |] DECAY 
IN+ 36 | | DOUT 
IN- 35 |] HOLDA 
VFLT [J 12 34 |] HOLDB 
vop [] 13 33] CS 
HOLD2 32 [|] DGND 
ENABLE |] 15 31{] TATCHA 
LOCOFF {| 16 30 [] CATCHB 
ROLDT 29 {| RD 
20 23 24 25 26 
= LJ (3 fo] Ld = Ld 
iw N << “” LL N a) omg 79) 
QO = E o Ww Ww O © O 
gf®ee ee Eg F 8 
O a @ 
U} 
< 
44-pin PLCC 
ORDERING INFORMATION 


PART DESCRIPTION ORDER NO. | PKG.MARK 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 


sheet is current before placing orders. 
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A TDK Group J Company Pulse Detector 


yi SSI 32P547 
scones " High Performance 


November 1991 
DESCRIPTION FEATURES 


The SSI 32P547 Read Data Processor and Servo °® Wide bandwidth AGC input amplifier 
Demodulator with Variable Pulse Slimming and Zone | 

Filter Mux is a fully integrated bipolar circuitthatdetects ° Uses standard +12V and +5V + 10% supplies 
and validates amplitude peaks in the output from a disk 
drive read amplifier, as well as detecting embedded 
servo information to provide position error signals used codes 

for read head positioning. © Servo burst capture circuit for use in 


Time and amplitude qualification are used to provide a embedded Serve 

PECL output that accurately duplicates the time © Four input differential filter MUX 

position of input signal peaks. An AGC control loop, 

using a dual rate charge pump, provides a constant ° Pulse Slimming with Variable Attenuation 
input amplitude for the level qualifier. 


© Level qualification supports MFM or RLL 


BLOCK DIAGRAM 
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a 
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se 
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AND LEVEL SHIFTER 
BYP (] 


<A 


wy) 
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Cy) =e 
—— 
Li) a DISCHARGE 
MODE CONTROL CURRENT 
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CIRCUIT OPERATION 


Level qualification canbe implemented as fixed thresh- . 


old or a constant percentage that tracks signal ampili- 
tude that enhances qualification during AGC loop tran- 
sients. 


The Servo Demodulator consists of two anny detector 
channels that capture rectified servo data peaks. Buf- 
fered individual channel outputs are ide along 
with a difference output. 


The SSI 32P547 requires standard +10% tolerance 
+5V and +12V supplies and is available in a 52-pin 
Quad PLCC package. | 


MODE CONTROL 


The circuit mode is controlled by the R/W, and HOLD 
as shown in Table 1. 


READ MODE 


The circuit is placed in the read mode whenthe R/W pin 
is high or open and is disabled (write mode) when the 
R/W pin is low. Inthe write mode the digital circuitry is 
disabled, the AGC amplifier gain is set to maximum 
and the input impedance of the input analog stage is 
reduced to allow more rapid settling of the input cou- 
pling capacitors from the read/write circuit (such as the 
SSI 32R510A) upon transition to the read mode. Write 
to read transition timing is controlled to allow settling of 
the coupling capacitors between the read/write circuit 
and the SSI 32P547 before the AGC circuitry is acti- 
vated when going to the read mode. Coupling capaci- 
tors should be chosen with as low a value as possible 
consistent with adequate bandwidth to allow for more 
rapid settling. When the R/W, and HOLD pins are high 
or open the input amplifier is in the read data AGC 
mode and gain is controlled to keep a constant read 
data peak level. When the HOLD pin is pulled low the 
gain of the analog circuit is held at the level determined 


when the HOLD pin was high (the gain will pony drift 


due to leakage). 


READ DATA AUTOMATIC GAIN CONTROL 
CIRCUIT 


In this mode an amplified head output signal, such as 
the output of the SSI 32R117, 32R501, or 32R510A 


read/write circuits, is AC coupled to the IN+ and IN- 


inputs. Inthe read mode the level at the Fx +/- pins is 
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- controlled by full wave rectifying the level at the sum- 


mer output and comparing it to a reference level 
supplied at the AGC pin. When the input level at the 
filter outputs is greater than 125% of the desired level 
as set by the AGC pin, the circuit is in a fast attack mode 
and will supply about 1.4mA of charging current at the 
BYP pin. When the input level is between 125% and 
100% of the desired level, the circuit enters a slower 
attack mode and will supply about 0.16mA of charging 
current. This allows the AGC to rapidly recover when 
going from write to read but reduces zero crossing. 
distortion once the AGC amplifier is in range. 


To reduce the effect of gain attack overshoot on settling 
time (due to offsets) a fast decay mode is entered if 
slow decay mode exceeds 1.6 sec (nom). Fast decay 
discharge current is 0.8 mA and slow decay discharge 
current is 4.5 pA. 


- The AGC pin is internally biased so that the level at the 


filter input pins is 0.83 Vpp. The level at the filter input 
pins can be increased by tying a resistor from the AGC 
pin to VCC or reduced by tying a resistor from the AGC 
pin to GND. 


Rx 


5V V Rx 


Vv (5-V) Rint 
AGC = Rint + Rx 


Where: 
V = Voltage at AGC with pin open (2.4V, nom.) 
Rint = AGC pin input impedance (6.7 KQ, typ.) 


Vine .—_VRx_ 
AGC = Rint = Rx 


Rx = External resistor. 


The new DIN+/- input target level is nominally 
0.43 Vp-p/Vacc. 


Gain of the AGC section in the AGC mode is approxi- 
mately: [Aa Av1 
Where: we | 
Av1, Av2 are initial and final amplifier gains. V1, V2 are 
initial and final voltages onthe BYP pin. 


)- exp [6.9x(V2-V1) ] 


READ DATA PULSE SLIMMING CIRCUIT 


The Pulse Slimming Circuit uses an external delay line 
and an analog controllable Variable Attenuator to 
implement pulse slimming. Input biasing for this stage 
is accomplished by low pass filtering the signal at the 
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OUT-+ pin with an on chip resistor and external capaci- 
tor tied to the INREF pin and using that signal as a 
reference to the single-ended-to-differential gain stage 
which follows. 
, 
Freq (— 3dB ) STAG 
Where: R (lowpass) is the on-chip resistor = 6 kQ nom 
C (ext) is the external capacitor 

The ratio between the gains of the attenuated and 
non-attenuated signal paths (K) is controlled by vary- 
ing the gain of the on-chip attenuator: 


K = Av (attenuated) / Av (non-attenuated) 

= Ko - Gx V (ATTEN) / VREF2_2 

Where G is the gain factor, V (ATTEN) is the voltage 
applied to the ATTEN pin. VREF2_2 is the voltage on 
the VREF2_2 pin and Ko is the value for K when 
V(ATTEN) = 0.0V. 


SELECTABLE EXTERNAL FILTER 
DRIVER/RECEIVER 


The on-chip circuitry allows four separate filters to be 
used for support of constant density recording. A filter 
is selected by using the two TTL input filter select pins; 
FILT1, and FILT2. Filter selection is as follows: 


Filter Filter 2 Channel 
0 0 Flt 
0 1 Fl2 
1 0 FI3 
1 1 Fl4 


READ MODE DIGITIZING SECTION 


In the data path the signal is sent to a hysteresis 
comparator. The comparator hysteresis level can be 
set at a fixed level or, with the addition of an external 
filter network, a fraction of the signal level. 


The latter approach allows setting the AGC circuit 
decay and slow attack times slow enough to minimize 
distortion of the signal going into the clocking path and 
setting a short time constant for the hysteresis level. 
Thus when switching to a head with a different output 
level or when switching from write to read the circuit is 
properly decoding data before the AGC circuit gain has 
settled to its final steady state value. The output of the 
hysteresis comparator is the “D” input of a D flip-flop. 
The DOUT pin provides a PECL comparator output 
digital signal for testing purposes and, if required, for 
use in the servo Circuit. 
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In the clocking path the signal is sent to a differentiator 
circuit whose characteristics are set by external com- 
ponents. The differentiator transfer expression from 
Fx+/- to the comparator input (which is not the DIF+/- 
output) is: 

Av —2 Cay R; S) 


~ DLey Coy S* + Cox (Rex t2Re)S+1 


Where: Rj= on chip resistors = 1.0 KQ nominally; 
R= emitter resistance seen at DIF+ or DIF- = 46 
nominally; C,,= external capacitor, allowable range is 
20 pF to 150 pF; Re,= external resistor; L,,= external 
inductor. 


The output of the differentiator circuit is sent to the edge 
trigger circuit which creates an output pulse on every 
zero crossing of the output of the differentiator. The 
output of the edge trigger is the clock input of the D flip- 
flop. During normal system operation the differentiator 
circuit clocks the D flip-flop once every positive and 
negative peak of the input signal. 


The data path D input to the flip-flop only changes state 
when the signal applied to the filter inputs exceeds the 
hysteresis comparator threshold in a polarity opposite 
the polarity of the peak which last exceeded the thresh- 
old. Therefore, the clocking path determines signal 
timing and the data path blocks spurious peaks if they 
do not exceed the hysteresis comparator threshold. 
Figure 6 shows circuit operation of the digital section. 
The two digital signal path delays between the Fx+ and 
Fx- inputs to the flip-flop clock and data inputs are well 
matched. 


SERVO BURST CAPTURE SECTION 


Rectified servo data peaks are latched into the A orB 
servo Channels by pulling the TTL compatible inputs 
LATCHA or LATCHB low, respectively. A chip-gener- 
ated discharge current is turned on for channels AorB 
by pulling the TTL compatible input RST low. The 
magnitude of this discharge current is set by a resistor 
tied to the CS pin.Outputs of the BURSTA, BURSTB, 
and PES are referenced to an externally generated 
reference applied at the VREF pin. 
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PIN DESCRIPTIONS 
POWER SUPPLY AND CONTROL 


DESCRIPTION 
5 Volt power supply 


_ Collector of PECL emitter follower output which is to be connected to the 
5 volt power supply. 


Analog ground pin | 


VDD aa - 12 volt power supply 
ae ee TTL compatible read/write control pin 


Analog signal input pins 


Transconductance output for the AGC amplifier and input to the vari- 
able attenuator 


Delayed input signal to the pulse slimming amplifier 


Reference DC voltage to the single ended to differential gain stage 


Internally generated voltage used as a reference by the external DAC 
used to control the attenuator gain 


The AGC timing capacitor is tied between this pin and AGND 


TTL compatible control pin which holds the input AGC amplifier AGC 
level when pulled low 


An Analog input which controls the attenuation value for the Variable 
Attenuator 


Reference input voltage for the AGC circuit 


TTL inputs which initiates capture of a servo burst 
Peak on channel A or B when pulled low 


Peak holding capacitors are tied from each pin to GND 


TTL input which initiates discharge of channel A and B hold capacitors 
when pulled low 


Pin to control magnitude of discharge current during active discharge of 
channel A and B hold capacitors 


Reference level for servo circuit 
Buffered burst peak outputs 


BURST B minus BURST A output 
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DIGITAL PROCESSING STAGE 


pNAME | vo | DESCRIPTION 


Differential filter /O pins for the four external filters 


Fxt 
FILT1 TTL compatible inputs to control multiplexer for selection of 1 of 4 filters 
FILT2 


Hysteresis level setting input to the hysteresis level detect comparator 


Provides rectified signal level for input into the hysteresis circuit 


DOUT Or. A Pseudo ECL D input into D flip-flop provided for testing or servo use 


Pins for external differentiator components 
Clock input into D flip-flop provided for testing 


Pin for external capacitor in the one shot which determines read channel 
output one-shot pulse width 


A Pseudo ECL (PECL) read output 


TABLE 1: Mode Control 


Read/Hold 


ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATING 
Operation above absolute maximum ratings may permanently damage the device. 


PARAMETER RATING 
+5V Supply Voltage, VCC, PEVCC 6.0 V 
14.0 V 


+12V Supply Voltage, VDD 
—— 


Pin Voltage 
-0.3 to VCC+0.3 


HOLD CONDITIONS 


Read amp on, AGC active and controlled by data, Digital 
section active 

Read amp on at fixed gain, AGC level held constant 

Digital section active 


Read amp on with reduced input impedance AGC level 
pulled low, Digital section deactivated, BYP pin set for 
maximum AGC gain 


BYP, AGC, LEVEL, HYS, HOLD AB, 
VREF, BURST AB, PES, DIF+/-, Fix+ 


Pin Voltage 
IN+/-, HOLD, R/W, RST, ATTEN, 
LATCHASB, CS, OS, FILT1-2, 

Fxt+t, OUT+, DLYIN, INREF, VREF2_2 
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ABSOLUTE MAXIMUM RATING (continued) | 


PARAMETER . RATING UNITS 


RD, DOUT, COUT -0.3 to VCC+0.3 V 
or +12mA 


Storage Temperature af -65 to +150 
Lead temperature 260 °C 
(soldering 10 sec) | | 


RECOMMENDED OPERATING CONDITIONS 
Currents flowing into the chip are positive. 


|PARAMETER | CONDITIONS | MIN 
jvec  Suppyvotage | 
| VOD Supply Voltage | | 10. 
} Ea ee 
Ta 


os) 
oh, 
ad 
on) 


i: Junction Temperature 25 | | 145 
Ambient Temperature | 70 


ELECTRICAL CHARACTERISTICS 


POWER SUPPLY 
Recommended conditions apply unless otherwise specified. 


PARAMETER CONDITIONS | MIN | NOM | 
ICC VCC Supply Current Outputs unloaded a ae 
IDD VDD Supply Current Outputs unloaded Ft | 80.0 | mA 


Power dissipation Ta=70° C 
| Outputs unloaded 3 


MODE CONTROL 


PARAMETER CONDITIONS | MIN | NOM | 
| Read-to-Write R/W Pin High > Low | 
Transition time aa | 
Write to Read R/W Pin Low > High 3.0 Us 
Transition time AGC settling not included 
Hold On < Hold off HOLD Pin High <> Low 
Transition time _ R/W Pin High 
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LOGIC SIGNALS (HOLD, FILT1-2, R/W, LATCHA,B, RST Pins) 


CONDITIONS Tan | NOM 
vit _inputtowvonage | SSSC*~=~—d CT 
vi iputhigh votage | ——=SSS*~*~i | ‘deca 
. roof 
, an ee 


IL Input Low Current VIL = 0.4V 
IH Input High Current VIH = 2.4V 


“For RST only, limit is -0.8 mA 


PECL OUTPUT: RD, DOUT PINS 


[PARAMETER | CONDITIONS | MN | NOM | 
Fouputtow vores —S]SSCSC~—~sSC<‘idSCSCS 
a 
a 
[ouput Faitime __[sow10% «i iY 


“Output load is a 2.5 kQ resistor to GND, and a 5 pF capacitor to ground. 


os 
a 

ee 
50 [ns 


AUTOMATIC GAIN CONTROL CIRCUIT 


All of the measurements in the AGC gain mode are made with the following conditions unless otherwise 
stated: 


The circuit is in the read mode (R/W, and HOLD pins high). 

The circuit is connected as in Figure 5. 

The amplifier inputs, IN+ and IN- , are AC coupled. 

The OUT+ pin is loaded with 100 Q to Vcc and Fx+, Fx- 200Q each to Vop (through series capacitors). 
A 1000 pF capacitor is tied between BYP and GND. 

The AGC pin is left open. 


2S SNS 


READ DATA MODE 
PARAMETER 


V(Fx+ - Fx-)=0.0 Volts Vary 
V(AGC) until slow discharge begins 


V(Fx+ - Fx-)=0.0 Volts Vary 
V(AGC) until fast discharge begins 


AGC Capacitor 
Leakage Current 
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ELECTRICAL CHARACTERISTICS (continued) - 
_ READ DATA MODE (continued) 


PARAMETER CONDITIONS 


Slow AGC Capacitor Charge V(Fx+ - Fx-)=0.41 Vdc, 
Current Vary V(AGC) until slow 
charge begins 


Fast AGC Capacitor Charge V(Fx+ - Fx-)=0.8 Vde 
Current Vary AGC until 
fast charge begins 


| Fast — Slow Attack Switchover Minimum V(Fx +) in fast 
Point attack mode; Minimum 
| V(Fx +) in slow attack mode 


| Gain Attack Time R/W = low => high, changing 
(Ta) See Fig. 1 Vin from 200 to 400 mVpp @ 
| 2.5 MHz, V(Fx+) to 110% 
of final value 


Fx+ - Fx- Input Voltage Swing vs | 15 mVpp < V(IN+ - IN-) 
AGC Input Voltage < 250 mVpp, 

0.4 Vpp < V(Fx+ - Fx-) 

< 1.25 Vpp, 

V(ATTEN) = V(VREF2_2) 


Fx+ - Fx- Input Voltage Swing 15 mVpp < V(IN+ - IN-) 
| Variation < 250 mVpp 
0.4 Vpp < V(Fx+ - Fx-) 


AGC Pin inputimpedance | 
AGC pin open 


V(IN+) = V(IN-); over actual | 
gain range 


V(IN+ - IN-)=100 mVpp 
@ 2.5 MHz 


Differential Input Capacitance V(IN+ - IN-)=100 mVpp 
@ 2.5 MHz 


Common Mode Input Impedance | R/W pin = high | 
(Both Sides) R/W pin = low 


Input Noise Gain set to 16 V/V 
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AGC AMPLIFIER CHARACTERISTICS (continued) 
PARAMETER 


Transconductance (lout/Vin) 
+ 3 dB bandwidth, 
referenced to 2.5 MHz 


Common Mode Rejection Ratio 
(Input Referred) 


Output Impedance, OUT+ Pin 
Output Capacitance OUT+ Pin 


Power Supply Rejection AV(VDD) or AV(VCC) = 
Ratio (input referred) 100 mVpp, 5 MHz, gain set 
at 16 V/V 


G(ideal) = 0.83, V(ATTEN) = 
VREF2_2 


Ko(ideal) = 0.84, 
V(ATTEN) = 0.0V 


lload = 0 to-1 MA 


lload = -.7mA 
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ELECTRICAL CHARACTERISTICS (continued) 
PULSE SLIMMER AND EXTERNAL FILTER DRIVERS 


PARAMETER | CONDITIONS 
Input Resistance DLYIN Pin — 
Input Capacitance DLYIN Pin 


Bandwidth referenced to 2.5 MHz | Transconductance | 
(Fixt /V(OUT+) 


Allowable External -Fixt to VDD 

DC Load Resistance 

Power Supply Rejection Ratio AV (12) or AV (5) = 100 mVpp, 
(Input Referred) 5 MHz delayline shorted 

Input Resistance ATTEN Pin 

Input Bias Current ATTEN Pin 


READ MODE DIGITIZING SECTION | 
All of the measurements in the read mode digital section are made with the following conditions unless 
otherwise stated: 


The circuit is in the read mode (R/W pin is high). 

The summer input pins, (Fx+, Fx-) receive AC coupled 2.5 MHz, 0.83 Vpp sine wave input signal. 
100 Q in series with 65 pF are tied between DIF+ and DIF-. 

A 1.8 Vdc voltage is applied to the HYS pin. 

OS is tied to the 5V supply with a 60 pF capacitor, Cos. 

The DOUT pin is loaded with a 2.5 kQ resistor to GND and a5 pF capacitor to GND. 

The RD pin is loaded with a 2.5 kQ resistor to GND and a 5 pF capacitor to GND. 


os SE ee 


SUMMER AND BUFFER 
PARAMETER | | CONDITIONS 


V(Fx+ - Fx-) 


V(Fx+ - Fx-) 
=100 mVpp DC 


On all Fx+ to Fx- 
Fx+/- tied together 
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HYSTERESIS COMPARATOR CIRCUIT 


PARAMETER CONDITIONS 


LEVEL Pin Output 0.4 < V(Fx+ -Fx-) 
Voltage vs Fx+ - Fx- Input < 1.25 Vpp, 10 kQ 
Voltage between LEVEL pin and GND 


LEVEL Pin Output Impedance (LEVEL) = 0.5 mA 


LEVEL Pin Maximum V(Fxt) = 0.415V, 
Output Current AV(Level) <0.8 V 


Comparator and Summer HYS pin at GND 
Offset Voltage <1.5 kQ across Fx+,Fx-. 


Comparator Offset Voltage DIF+, DIF- AC coupled 
not directly measured 


COUT Pin Output Low Voltage 0.0< lol< 0.5mA 


COUT Pin Output Pulse Width 0.0< loh< 0.5mA 


Propagation Delay, Td3inFig 6 | = a tsti<isdY 
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Input referred Hysteresis Voltage 
(at Fx+ - Fx- Pins) vs HYS Pin 
Voltage 


Hysteresis threshold tolerance as | Set V(HYS) such that 

a % of V(Fx+ - Fx-) peak Hysteresis Threshold (Ideal) 
is 60% of V(Fx+), 
V(Fx+) = .415V 
(see Figures 2 & 3) 


* In an open loop configuration where reference is V(AGC), tolerance can be slightly higher. 


DIFFERENTIATOR CIRCUIT 


=a 


DIF+ to DIF- Pin Current Differentiator impedance must 
be set so as to not clip the 
signal for this current level 


=| 


< 


COUT Pin Output 0.0< loh< 0.5 mA 
Pulse Voltage Swing, 
V(high) - V(low) 


Required DFF Set-up Time, Minimum allowable time delay 

Td1 in Fig. 6 from V(Fx+,Fx-) exceeding 
hysteresis point to 
V(DIF+,DIF-) hitting peak 
value 


Output Data Pulse Td5(ideal) = 900 x Cos 
Width at RD Pin, Td5 in Fig. 6 @ V(RD) = 50% 
30 < Cos < 200 pF 
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ELECTRICAL CHARACTERISTICS (continued) 
READ DIGITAL SECTION AS SYSTEM 


PARAMETER CONDITIONS 


Pulse Pairing 0.83 Vpp into Fx+/- pins 
[Td3 - Td4] Fig. 6 at 2.5 MHz 


0.83 Vpp into Fx+/- pins . 
at 9.0 MHz 


SERVO BURST CAPTURE CIRCUIT | 
All of the measurements are made with the following conditions unless otherwise stated: 


1. The circuit is connected as in Figure 5. 
2. AandB bursts are sampled onto BURSTA and BURSTB pins. 


PARAMETER CONDITIONS 
Allowable VREF VoltageRange | is 


BURSTA, BURSTB av-N(BURST)-VREF _. gy /Vpp 
Pin Output Voltage V(Fx+—Fx—) 
vs (Fx+ - Fx-) Input Voltage LATCHA or LATCHB = Low 


BURSTA, BURSTB V(BURST) - V(VREF), 

Output Offset Voltage LATCHA, LATCHB Low, 
V(Fx+) = V(Fx-), RCS = 
38.3 kQ, RST low 


-BURSTA - BURSTB V(BURSTA)-V(BURSTB), 
Output Offset LATCHA, LATCHB Low, 
Voltage Match V(Fx+) = V(Fx-) 


PES Pin Output V(PES) - V(VREF), 
Offset Voltage LATCHA, LATCHB Low, 
V(Fx+) = V(Fx-) 


PES Pin Output Voltage V(PES) —- VREF 
vs. Va(Fx)pp - Vb(Fx)pp ae Va(Fx)pp —Vb(Fx)pp pundils 
Output Resistance 
BURSTA, BURSTB PES pins 
HOLDA/B Discharge Current RST = Low; 
Idis = 2.6/(RCS + 750) | 
RST = High, 
LATCH_A/B = High Pe 
Allowable Load Resistance; Resistor to VREF 
BURSTA/B,PES pins 
_ Allowable Load Capacitance; 
BURSTA/B,PES pins | 
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SERVO BURST CAPTURE CIRCUIT (continued) 


PARAMETER 


Channel! A/B Discharge Current 
Turn On Time (Tds3 in Fig. 2) 


Channel A/B Discharge Current 
Turn Off Time (Tds4 in Fig. 2) 


V (IN+ - IN-) 


V (Fx+ - Fx-) 


RST 


AB CHANNEL 
DISCHARGE CURRENT 


V (BURSTA) 
VREF 


V (BURSTB) 


CONDITIONS 


FIGURE 2: Servo Timing Diagram 
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V(HYS) = K% of V(LEVEL) 


To AGC 
Charge Pump 


FIGURE 3: Feed Forward Mode 


For V(HYS) = 
+15% (max) K% of V(LEVEL) 


Typically ~ 60% 
Typical ~ 60% 


—15% (min) 


Hysteresis Threshold as a 


x< 
© 
® 
oO 
x 
Li 
§ 
+ 
x< 
a 
> 
Ke) 
ES 


9MHz Frequency 


FIGURE 4: Percentage Threshold vs. Frequency 
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FIGURE 5: Applications Circuit Diagram 
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+HYSTERESIS LEVEL 
V (Fx+-Fx-) OV 


“HYSTERESIS LEVEL 


v (BOUT) 


V (DIF + — DIF-) 
ov 


DIFFERENTIATOR 
COMPARATOR OUTPUT 


V (COUT) 


RD ouTPuT 


FIGURE 6: Read Mode Digital Section Timing Diagram 


+60 mV 


V(OUT+) 


+ THRESH. 


V (FX+ - FX-) 


-THRESH. +0.318V 
-415V 


V (LEVEL) 


Vv (LEVEL) a. een — 
V (HYS) | 
+1.5V — 


V (HYS) 


HYSTERESIS - | | | 
- COMPARATOR 


OUTPUT 


FIGURE 7: Expected Nominal Voltage Levels | 
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PACKAGE PIN DESIGNATIONS 
(Top View) 


SSI 32P547 


NO 
fh 


BURSTA [( 
BURSTBU 


52-Pin Leaded Chip Carrier 
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CAUTION: Use handling procedures necessary 
for a static sensitive component. 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 


sheet is current before placing orders. 
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DESCRIPTION FEATURES 


The SSI 32P549 is a bipolar integrated circuit that ¢ Level qualification supports high resolution 


provides all data processing necessary for detection MFM and RLL encoded data retrieval 
and qualification of MFM or RLL encoded read signals. 
¢ Wide bandwidth AGC input amplifier 


In read mode the SSI 32P549 provides amplification 
and qualification of head preamplifier outputs. Pulse 
qualification is accomplished using level qualification 
of differentiated input zero crossings. An AGC amplifier 
is used to compensate for variations in head preamp ¢ fast and slow AGC attack regions for fast 
output levels, presenting a constant input level to the 

pulse auainication Circuitry. The AGC loop can be aransioMireconely 
disabled so that a constant gain can be used for °¢ <+1.0 ns pulse pairing 
embedded servo decoding or other processing needs. 


e Standard +5V + 10% supplies 


¢ Write to read transient suppression 


¢ 16 Mbit/s operation 

In write mode the read data pulse circuitry is disabled, 
the AGC gain is held constant, and the AGC gain stage 
input impedance is switched to a lower level to allow 
fast settling of the input coupling capacitors during a 
write to readtransition. The SSI32P549 requires a +5V 
power supply and is available in a 28-pin PLCC, 24-pin 
DIP and 24-pin SOL. 


BLOCK DIAGRAM 


OUT+ OUT- DIN- DIN+  CIN- CIN+ DIF- DIF+ VPA VPD 


FULL WAVE RECTIFIER 


AGC LEVEL AW HYS OOUT 
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CIRCUIT OPERATION 


READ MODE | , 

In read mode (R/W input high or open) the input signal 
is amplified and qualified using an AGC amplifier and 
pulse level qualification of the detected signal peaks. 


An amplified head output signal is AC coupled to the 
IN+ and IN- pins of the AGC amplifier. Gain control is 
accomplished by full wave rectifying and amplifying the 
[(DIN+)-(DIN-)] voltage level and comparing it to a 
reference voltage level at the AGC pin. 


The 32P549 contains a dual rate attack charge pump. 
The value of the attack current is dependent on the 
instantaneous level at DIN+. For signal levels above 
125% of the desired level a fast attack mode is invoked 
that supplies a 1.4 mA charge current to the network on 
the BYP pin. Between 125% and 100% of the desired 
level the circuit enters a slow attack mode and supplies 
0.18 mA of charge current to the BYP pin. 


Two decay modes are available and are automatically 
controlled within the device. 


Upon a switch to write mode, the device will hold the 
gain at its previous value and the AGC input stage is 
switched into a low impedance state. When the device 
is then switched back to read mode the AGC holds the 
gain and stays in the low impedance state for 0.9 us. It 
then switches into a fast/slow attack mode if the new 
gain required is less than the previously held gain or a 
fast decay mode if the gain required is more than its 
previous value. The fast decay current is 0.12 mA and 
stays on for 0.9 us. After the 0.9 us time period the 
device stays in a steady state slow attack, slow decay 
mode. The slow decay discharge current is 4.5 LA. 


The AGC pin is internally biased so that the target 
differential voltage input at DIN+ is 1.0 Vpp under 
nominal conditions. The voltage on this pin can be 
modified by tying a resistor between AGC and GND or 
VPA. A resistor to GND decreases the voltage level, 
while a resistor to VPA increases it. The resulting AGC 
voltage level is shown in Figure 1; where: 


V = Voltage at AGC w/pin open (2.3V, nom) 
Rint = AGC pin input impedance (2.5 kQ, typ) 
Rext = External resistor 


VRext 


(5—V) Rint 
Rint + Rext 


: + VAGC = 
Rint + Rext 


VAGC = 


FIGURE 1: AGC Voltage 


The new DIN + input target level is nominally 
(Vacc - 0.75) * 0.64 Vpp. 


The maximum AGC amplifier output swing is 2.6 Vpp 
at OUT+, which allows for up to 6dB loss, with margin, 
in any external filter between OUT+ and DIN+. 


AGC gain is a linear function of the BYP-pin voltage 
(VBYP) as shown in Figure 2. 


Gain V/V 


Slope = 140/V nominal 


25 


VeyP (Volts) 


FIGURE 2: AGC Gain 


The AGC amplifier has emitter follower outputs and 
can sink 3.5 mA. 


One filter for both amplitude (DIN+ input) and time 
(CIN+ input) channels, or a separate filter for each may 
be used. If two filters are used, attention must be paid 
to time delays so that each channel is timed properly. 
A multi-pole Bessel filter is typically used for its linear 
phase or constant group delay characteristics. — 


In the amplitude channel the signal is sent to a hyster- 
esis comparator. The hysteresis threshold level is set 
so that it will be tripped only by valid signal pulses and 
not by baseband noise. It can be a fixed level or a | 
fraction of the DIN+ voltage level. 
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The latter approach is accomplished by using an exter- 
nal filter/network between the LEVEL and HYS pins. 
This allows setting the AGC slow attack and decay 
times slow enough to minimize time channel distortion 
and setting a shorter time constant for the hysteresis 
level. The LEVEL pin output is a rectified and amplified 
version of DIN+, 1.0 Vpp at DIN+ results in 1.0 Vo-p 
nominally, at the LEVEL pin. A voltage divider is used 
from LEVEL to ground to set the Hysteresis threshold 
at a percentage of the peak DIN+ voltage. For example, 
if DIN+ is 1.0 Vpp, then using an equal valued resistor 
divider will result in 0.5 Vpk at the HYS pin. This will 
result inanominal+0.18V threshold ora 36% threshold 
of a +0.500V DIN+ input. The capacitor, from the 
LEVEL pinto GND, is chosento set an appropriate time 
constant. This “feed forward” technique speeds up 
transient recovery by allowing qualification of the input 
pulses while the AGC is still settling. This helps in the 
two critical areas of write to read and head change 
recovery. Some care in the selection of the hysteresis 
level time constant must be exercised so as to not miss 
pattern (resolution) induced lower amplitude signals. 
Note that there is a built-in 0.05V threshold (10% of 
1Vpp) for level qualification even when the HYS pin is 
grounded. This is to prevent false triggering by baseband 
noise during a DC erase gap (e.g., address mark). The 
output of the hysteresis comparator is the “D” input of 
a D-type flip-flop. The DOUT pin is acomparator output 
signal for testing purposes only. When testing, it re- 
quires an external 3-6 kQ pull down resistor. If no 
testing is necessary, the DOUT pin can be pulled up to 
VPD (+5V) to save power. 


In the time channel the signal is differentiated to trans- 
form signal peaks to zero crossings which are detected 
and used to trigger a bi-directional one-shot. The one- 
shot output pulses are used as the clock input of the D 
flip-flop. The COUT pin provides the one-shot output 
for test purposes. It also requires an external 3-6 kQ 
pull down resistor for testing. 


The differentiator function is accomplished by an exter- 
nal network between the DIF+ and DIF- pins. The 
transfer function from CIN+ to the comparator input 
(not DIF+) is: 
a -2000Cs 
LCs? +C(R+92)s+1 


where: C,L, R are external passive components 
20 pF < C < 150 pF 
S=j@ = j2nf 
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During normal operation, the time channel clocks the D 
flip-flop on every positive and negative peak of the 
CIN+ input. The D input to the flip-flop only changes 
state when the DIN+ input exceeds the hysteresis 
comparator threshold opposite in polarity to the previ- 
ous threshold exceeding peak. 


The time channel, then, determines signal peak timing 
and the amplitude channel determines validity by 
blocking signal peaks that do not exceed the hysteresis 
comparator threshold. The delays in each of these 
channels to the D flip-flop inputs are well matched. 


WRITE MODE 


In Write Mode the SSI 32P549 Pulse Detector is 
disabled and preset for the following Read Mode. The 
digital circuitry is disabled, the input AGC amplifier gain 
is held at its previous value and the AGC amplifier input 
impedance is reduced. 


Holding the AGC amplifier gain and reducing input 
impedance shortens system Write to Read recovery 
times. 


The lowered input impedance improves settling time 
by reducing the time constant of the network between 
the SSI 32P549 and a head preamplifier such as the 
SSI 32R1200R. Write to read timing is controlled to 
maintain the reduced impedance for 0.9 ps before the 
AGC circuitry is activated. Coupling capacitors should 
be chosen with as low a value as possible consistent 
with adequate bandwidth to allow more rapid settling. 


POWER DOWN MODE 


A power down mode is provided to reduce power 
usage during the idle periods. Taking PDWN low 
causes the device to go into complete shutdown. When 
PDWN returns high, the device executes the normal 
Write to Read recovery sequence. 


MODE CONTROL 


The SSI 32P549 circuit mode is controlled by the 
PDWN, HOLD, and R/W pins as shown in Table 1. 


SSI 32P549 
Pulse Detector 


* AGC gain will drift at a rate determined by BYP capacitor and Hold mode leakage current. 


TABLE 1: Mode Control 


PIN DESCRIPTION 


1 | Analog 5¥) power supply forpuse detector SS 


V 
V 


CIN+, CIN— 


AGND | 
DIF+, DIF— Pins for external differentiating network 


Analog input to the hysteresis comparator 


( 
Read path AGC Amplifier output pins 
Analog input to the differentiator 


a 
oe 

beet 

ea 

E.On. 

a 

| 
cour | 0 _| Testpoi tormenting hei cockinpwt 
|DOUT | OO __| Testpoint for monitoring the flip-flop D-input 
(RO *dY | Trheompatbieread out 
ee Kua 

aT 

ee 

a 


BY An AGC timing capacitor or network is tied between this pin and 
AGND1 
1 


Reference input voltage for the read data AGC loop 


Output from fullwave rectifier that may be used for input to the 
hysteresis comparator 
Hysteresis level setting input to the hysteresis comparator 

TTL compatible pin that holds the AGC gain when pulled low 


Low state on this pin puts the device in a low power “off” state 


Selects Read or Write mode 


PA : 
PD 
P A 
GC 
| LEVEL | 

HYS 

HOLD 

/W 


PDWN 
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ELECTRICAL SPECIFICATIONS 
Recommended conditions apply unless otherwise specified. 


ABSOLUTE MAXIMUM RATINGS 
Operation outside these rating limits may cause permanent damage to this device. 


PARAMETER RATING UNIT 
5V Supply Voltage, VPA, VPD a ee ee 
Pin Voltage (Analog pins) O0.3t0VPA+03 | Vi | 


V 

( V 
or+12 mA 

°C 

°C 


Storage Temperature -65 to 150 Le 


Lead Temperature (Soldering 10 sec.) 


RECOMMENDED OPERATING CONDITIONS 
Currents flowing into the chip are positive. 


PARAMETER CONDITIONS 
Supply Voltage (VPA&VPD) | 


Junction Temperature, Tj 


POWER SUPPLY 


PARAMETER CONDITIONS 
IVPA Supply Current Outputs unloaded; 58 
IVPD PDWN = high or open | 
Power dissipation Ta = 25°C, outputs unloaded; | 
PDWN = high 


Outputs unloaded; 
PDWN = low 


LOGIC SIGNALS 


IL | 
HL Input Low Current VIL = 0.4V | 0.0 | 
IIH Input High Current VIH = 2.4V aa 
VOL Output Low Voltage IOL = 4.0 mA eal 
VOH Output High Voltage IOH = -400 pA eae | 


* Output load is a 4K resistor to 5V and a 10 pF capacitor to DGND. 
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ELECTRICAL SPECIFICATIONS (continued) 
MODE CONTROL 


Enable to/from PDWN Settling time of external 
Transition Time Capacitors not included, 
pin high to/from low 


Read to Write Transition Time R/W pin high to low 


R/W pin low to high 
AGC settling not included 


HOLD On to/from HOLD Off HOLD pin high to/from low 
Transition Time 


READ MODE (R/W is high) 

AGC AMPLIFIER 

Unless otherwise specified, recommended operating conditions apply. Input signals are AC coupled to IN+ and 
amplitude is between 25 mVpp & 250 mVpp differential. OUT+ are loaded differentially with >800Q, and each 
side is loaded with < 10 pF to AGND, and AC coupled to DIN+. A 2000 pF capacitor is connected between BYP 
and AGND. AGC pin is open. 


PARAMETER CONDITION 


1.0 Vpp < (OUT+) - (OUT-) 
< 2.6 Vpp 


Maximum Output 
Voltage Swing 


Input Noise Voltage 


Bandwidth -3 dB bandwidth at 


maximum gain 


No DC path to AGND 


(IN+) = (IN-) = 100 mVpp 
@ 5 MHz, gain set to max 


PSRR (Input Referred) VPA, VPD = 100 mVpp 
@ 5 MHz, gain set to max 
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AGC AMPLIFIER (Continued) 


PARAMETER CONDITION 


(DIN+) - (DIN-) Input 25 mVpp < (IN+) - (IN-) 


[wow [ wax [Un 
Swing vs. AGC Input < 250 mVpp, HOLD = high, 


(DIN+) - (DIN-) = (Vac - K1) * K2 | 0.5 Vpp < (DIN+) - (DIN-) 
0.75 | 1.00 
25 mVpp < (IN+) - (IN-) _ 


K1 


< 1.5 Vpp 
V 
0.64 Vpp/V 
sft | 
Swing Variation < 250 mVpp 
AGC open . 
after R/W goes high = 


Fast AGC Discharge Current Starts at 0.9 ps after R/W 0.12 
goes high, stops at 1.8 us 
HOLD = low, 10 < AGC gain <80 | 0.2 
(DIN+) - (DIN-) = 0.563 VDC, | -0.11 | -0.18 | -0.27 mA 
AGC pin open 


AGC Leakage Current 
Slow AGC Charge Current 


Fast AGC Charge Current (DIN+) - (DIN-) = 0.8 VDC, -1.4 -2.1 mA 
AGC pin open 

Fast to Slow Attack [( DIN+ )— (DIN — )] 125 % 

Switchover Point [(DIN+)—- (DIN— )] FINAL 

Gain Decay Time (Td) (IN+) - (IN-) = 250 mVpp to 


125 mVpp @ 2.5 MHz, 
(OUT+) - (OUT-) to 90% final 
value 


(IN+) - (IN-) = 50 mVpp to 
25 mVpp @ 2.5 MHz 
(OUT+) - (OUT-) to 90% 
final value 


R/W = low to high 
(IN+) - (IN-) = 250 mVpp 

@ 2.5 MHz, (OUT+) - (OUT-) 
to 110% final value 


Gain Attack Time 


WRITE MODE (R/W is low) 


PARAMETER CONDITION 


Single-ended Input IN+ or IN- 
Impedance (each side) 
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HYSTERESIS COMPARATOR | 
Unless otherwise specified, recommended operating conditions apply. Input (DIN+) - (DIN-) is an AC coupled, 
1.0 Vpp, 2.5 MHz sine wave. 0.5 VDC is applied to the HYS pin. R/W pin is high. 


PARAMETER CONDITIONS | 


Differential Input Resistance (DIN+) - (DIN-) = 100 mVpp 
@ 2.5 MHz 
Differential Input Capacitance (DIN+) - (DIN-) = 100 mVpp 
@ 2.5 MHz 
Single Ended Input Voltage at DIN+ or DIN- 
DIN+ Impedance (Each Side) , 


Level Pin Output Voltage 0.6 Vpp < (DIN+) - (DIN-) 
vs. (DIN+) - (DIN-) < 1.5 Vpp, 10K between 
LEVEL and AGND 


Level Pin Output Impedance ILEVEL = 0.2 mA 
Level pin Maximum 

Output Current 

Hysteresis Threshold Voltage at 0.3 V < HYS < 1.0V 
DIN+ vs. HYS Pin Voltage 

HYS Pin Current 0.3V<HYS<1.0V 


DOUT Pin Output Low Voltage 5 kQ from DOUT to DGND 
DOUT Pin Output High Voltage 5 kQ from DOUT to DGND 


ACTIVE DIFFERENTIATOR | 
Unless otherwise specified, recommended operating conditions apply. Input (CIN+) - (CIN-) is an AC-coupled, 
1.0 Vpp, 2.5 MHz sine wave. 100Q in series with 65 pF are tied from DIF+ to DIF-. 


PARAMETER CONDITIONS 


Differential Input Resistance (CIN+) - (CIN-) = 100 mVpp 
@ 2.5 MHz 

Differential Input Capacitance (CIN+) - (CIN-) = 100 mVpp 
@ 2.5 MHz 


Ae) 


5 
1 


V/Vpp 


0.36 


< 
a” 
O 
i) 


t fo) a 
ne el os </$ | 
<i</5/ S| g|8 6; &| Bis |e 


VPD -1.6 


UNIT 


< 
Ao) 
xe) 


Oo 
aa 


Se) 


Single Ended Input Impedance CIN+ or CIN- 4 


Voltage Gain From (DIF+ to DIF-) = 2 kQ 
CIN+ to DIF+ 


DIF+ to DIF- Pin Current Differentiator impedance 
must be set so as to not clip 
the signal for this current 
level 


“ 
e) 


<x < 


+0.7 


3 
> 


a ke 
oO 

ol 

a) 
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ACTIVE DIFFERENTIATOR (Continued) 


5 kQ from COUT to DGND 
COUTPinOutputPulseWidth [| 


< 
U 
O 
; 
- 


rw—___| 
| 


LowQ 
| .9us | 


sl a a fa 
| | | 
| | | 
| | | 
| | | 


y 
[ ~~ 25% eee 
(DIN+ — DIN-) | 


| | 
| | | 

| | ae 
| | Fast , Slow . 
Fast Slow Discharge Discharge 
Charge Charge 


Figure A: AGC Attack Sequence Figure B: AGC Decay Sequence 


FIGURE 7: AGC Timing Diagram 


QUALIFIER TIMING (See Figure 8) 


Unless otherwise specified, recommended operating conditions apply. Inputs (CIN+) - (CIN-) and (DIN+) - 
(DIN-) are in-place as an AC coupled, 1.0 Vpp, 2.5 MHz sine wave. 100Q in series with 65 pF are tied from DIF + 
to DIF-. 0.5V is applied to the HYS pin. COUT and DOUT each have a 5 kQ pull-down resistor (for test purposes 
only.) R/W pin is high. 


PARAMETER CONDITIONS 


Td1 D Flip-Flop Set Up Minimum allowable time 
Time delay from (DIN+) - (DIN-) 
exceeding hysterisis 

point to (DIF+) - (DIF-) 
hitting a peak value. 


Td3-Td4 Pulse Pairing 1.0 Vpp, 2.5 MHz sinewave 
d5 i 


Td3-Td4 Pulse Pairing 1.0 Vpp, 5 MHz sinewave 
Td5___RD Output Pulse Width | 
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+HYSTERESIS LEVEL 
ViCIN+) - (CIN-) 
and re) 
V(DIN+) - (DIN-) 


—HYSTERESIS LEVEL 


VpDOUT 


V (DIN+ — DIN-) 


DIFFERENTIATOR 
COMPARATOR OUTPUT 


VcouT 


ed pal lle 


FIGURE 8: Read Mode Digital Section Timing Diagram 


RD OUTPUT 
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PACKAGE PIN DESIGNATIONS 


(Top View) 
nee ik ot uz Zz 
DIF+ 2 Zzrereaaoa  o 
a |__| = [| [_ [| =] 
HYS [| 3 4.3 2 1 
LEVEL 11 4 LEVEL [/5 N/C 
AGC [] 5 AGC [16 DIN- 
IN+ [J 6 IN+ [17 OUT- 
gel IN- [8 OUT+ 
age HOLD [19 AGND 
VPA 9 
VPA [| 10 BYP 
COUT 10 
nay COUT [] 11 DGND 
15 17 
PDWN 


DOUT [J 


ee ee es ee ee i es es 
Oo lz a © 
2p Sh 2 


24-Lead PDIP, SOL 


28-Lead PLCC 


THERMAL CHARACTERISTICS: 6ja 


28-Lead PLCC 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 


ORDERING INFORMATION 


PART DESCRIPTION ORDERING NUMBER PACKAGE MARK _ | 


rn a 
s0P549.0P 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 


Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 
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DESCRIPTION FEATURES 


The SS! 32P5491 is a bipolar integrated circuit that ¢ Level qualification supports high resolution 


provides all data processing necessary for detection MEM and RLL encoded data retrieval 
and qualification of MFM or RLL encoded read signals. 


e 
In read mode the SSI 32P5491 provides amplification Wide Dan letn eter PUL aMPMre 
and qualification of head preamplifier outputs. Pulse =» standard +5V + 10% supplies 
qualification is accomplished using level qualification 
of differentiated input zero crossings. An AGC amplifier © Write to read transient suppression 
is used to compensate for variations in head preamp 
output levels, presenting a constant input levelto the ° Fast and slow AGC attack regions for fast 
pulse qualification circuitry. The AGC loop can be transient recovery 
disabled so that a constant gain can be used for os 
embedded servo decoding or other processingneeds. ° <+1-0Nns pulse pairing 


Inwrite mode the circuitry is disabledandthe AGC gain. « 24 Mbit/s operation 

stage input impedance is switched to a lower level to 

allow fast settling of the input coupling capacitors °* Power down mode (5 mW maximum) 
during a write to read transition. The SSI 32P5491 

requires a +5V power supply and is available ina28- ° Low power 

pin PLCC, 24-pin DIP and 24-pin SOL. 


BLOCK DIAGRAM 


DIN+ = CIN- CIN+ OIF- OIF+ VPA VPD 
a Ld © coc Ld 


ONE SHOT 


ONE SHOT 


FULL WAVE RECTIFIER 


RAW 
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CIRCUIT OPERATION 


READ MODE 


In read mode (R/W input high or open) the input signal 
is amplified and qualified using an AGC amplifier and 
pulse level qualification of the detected signal peaks. 


An amplified head output signal is AC coupled to the 
IN+ and IN- pins of the AGC amplifier. Gain control is 
accomplished by full wave rectifying and amplifying the 
{(DIN+)-(DIN-)] voltage level and comparing it to a 
reference voltage level at the AGC pin. 


The 32P5491 contains a dual rate attack charge pump. 
The value of the attack current is dependent on the 
instantaneous level at DIN+t. For signal levels above 
125% of the desired level a fast attack mode is invoked 
that supplies a 1.3 mA charge current to the network on 
the BYP pin. Between 125% and 100% of the desired 
level the circuit enters a slow attack mode and supplies 
0.18 mA of charge current to the BYP pin. 


Two decay modes are available and are automatically 
controlled within the device. 


Upon a switch to write mode, the device will hold the 
gain at its previous value. When the device is then 
switched back to read mode the AGC holds the gain 
and stays in a low impedance state for 0.9 ys. It then 
switches into a fast/slow attack mode if the new gain 
required is less than the previously held gain or a fast 
decay mode if the gain required is more than its 
previous value. The fast decay current is 0.12 mA and 
stays on for 0.9 us. After the 0.9 us time period the 
device stays in a steady state slow attack, slow decay 
mode. The slow decay discharge current is 4.5 pA. 


The AGC pin is internally biased so that the target 
differential voltage input at DIN+ is 1.0 Vpp under 
nominal conditions. The voltage on this pin can be 
modified by tying a resistor between AGC and GND or 
VPA. A resistor to GND decreases the voltage level, 
while a resistor to VPA increases it. The resulting AGC 
voltage level is shown in Figure 1; where: 


V = Voltage at AGC w/pin open (1V, nom) 
Rint = AGC pin input impedance (3.91 kQ, typ) 
Rext = External resistor 


2-92 


VRext 


(5-V) Rint +V alll ~~ oeereeenet een 
Rint + Rext 


i VaGc 
Rint + Rext 


VaGc 


FIGURE 1: AGC Voltage 


The new DIN + input target level is nominally 1.0 Vpp/ 
VAGc. . 


The maximum AGC amplifier output swing is 3.0 Vpp 
at OUT+, which allows for up to 6aB loss in any external 
filter between OUT+ and DIN+. 


AGC gain is a linear function of the BYP-pin voltage 
(VBYP) as shown in Figure 2. 


Gain V/V 


80 


Slope = 120/V nominal 


2.45 
VBYP (Volts) 


FIGURE 2: AGC Gain 


Inthe amplitude channel the signal is sent to a hyster- 
esis comparator. The hysteresis threshold level is set 
so that it will be tripped only by valid signal pulses and 
not by baseband noise. It can be a fixed level or a 
fraction of the DIN+ voltage level. 


The latter approach is accomplished by using an exter- 
nal filter/network between the LEVEL and HYS pins. 
This allows setting the AGC slow attack and decay 
times slow enough to minimize time channel distortion 
and setting a shorter time constant for the hysteresis 
level. The LEVEL pin output is a rectified and amplified 
version of DIN+, 1.0 Vpp at DIN+ results in 1.0 Vo-p 
nominally, at the LEVEL pin. A voltage divider is used 
from LEVEL to ground to set the Hysteresis threshold _ 
at a percentage of the peak DIN+ voltage. For example, 
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if DIN+ is 1.0 Vpp, then using an equal valued resistor 
divider will result in 0.5 Vpk at the HYS pin. This will 
result ina nominal+0.18V threshold or a36% threshold 
of a+0.500V DINz+ input. The capacitor is chosen to set 
an appropriate time constant. This “feed forward” tech- 
nique speeds up transient recovery by allowing quali- 
fication of the input pulses while the AGC is still settling. 
This helps in the two critical areas of write to read and 
head change recovery. Some care in the selection of 
the hysteresis level time constant must be exercised so 
as to not miss pattern (resolution) induced lower am- 
plitude signals. The output of the hysteresis compara- 
tor is the “D” input of a D-type flip-flop. The DOUT pin 
is acomparator output signal for testing purposes only. 


In the time channel the signal is differentiated to trans- 
form signal peaks to zero crossings which are detected 
and used to trigger a bi-directional one-shot. The one- 
shot output pulses are used as the clock input of the D 
flip-flop. The COUT pin provides the one-shot output 
for test purposes. 


The differentiator function is accomplished by an exter- 
nal network between the DIF+ and DIF- pins. The 
transfer function from CIN+ to the comparator input 
(not DIF+) is: 

—3536Cs 


~ LCs? +C(R+52)s +1 


where: C,L, R are external passive components 
15 pF <C < 125 pF 
S=j@ = j2rf 


During normal operation, the time channel clocks the D 
flip-flop on every positive and negative peak of the 
CIN+ input. The D input to the flip-flop only changes 
state when the DIN+ input exceeds the hysteresis 
comparator threshold opposite in polarity to the previ- 
ous threshold exceeding peak. 
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The time channel, then, determines signal peak timing 
and the amplitude channel determines validity by 
blocking signal peaks that do not exceed the hysteresis 
comparator threshold. The delays in each of these 
channels to the D flip-flop inputs are well matched. 


WRITE MODE 


In Write Mode the SSI 32P5491 Pulse Detector section 
is disabled and preset for the following Read Mode. 
The digital circuitry is disabled, the input AGC amplifier 
gain is held at its previous value and the AGC amplifier 
input impedance is reduced. 


Holding the AGC amplifier gain and reducing input 
impedance shortens system Write to Read recovery 
times. 


The lowered input impedance improves settling time 
by reducing the time constant of the network between 
the SSI 32P5491 and a head preamplifier such as the 
SSI 32R1200R. Write to read timing is controlled to 
maintain the reduced impedance for 0.9 us before the 
AGC circuitry is activated. Coupling capacitors should 
be chosen with as low a value as possible consistent 
with adequate bandwidth to allow more rapid settling. 


POWER DOWN MODE 


A power down mode is provided to reduce power 
usage during the idle periods. Taking PDWN low 
causes the device to go into complete shutdown dis- 
sipating a maximum 5 mW of power. When POWN 
returns high, the device executes the normal Write to 
Read recovery sequence. 


MODE CONTROL 


The SSI_32P5491 circuit mode is controlled by the 
PDWN, HOLD, and R/W pins as shown in Table 1. 


SSI 32P5491 
Pulse Detector 


Read Mode, AGC Active 


1 
1 Read Mode AGC gain held constant* 


X 1 Write Mode AGC gain held constant* 
Input impedance reduced . 
[ oe OF Power Down - low current disabled mode 


* AGC gain will drift at a rate determined by BYP and Hold mode discharge current. 


TABLE 1: Mode Control 


PIN DESCRIPTION 
O 


DGND 


IN+, IN— 
UT+, OUT— 


a 

ate 

se 

ae 

| 0 | ReadpathAGC Ampiiier output pins 
|DINeDIN- |__| Analoginput tothe hysteresis comparator 

a 

| vO 

ce! 


CIN+, CIN~ Analog input to the differentiator 
COUT j 


DIF+, DIF— /O Pins for external differentiating network 
VO | 


Test point for monitoring the flip-flop clock input 


Output from fullwave rectifier that may be used for input to the 


Co 
Li Fd iia 
AGND1 
A 
LEVEL i 
hysteresis comparator 
TTL compatible pin that holds the AGC gain when pulled low 
Low state on this pin puts the device in a low power “off” state 


PA 

PD | 

YP 

GC a Reference input voltage for the read data AGC loop 

YS | |_| Hysteresis level setting input to the hysteresis comparator 


2-94 1291 - rev. 


SSI 32P5491 
Pulse Detector 


ELECTRICAL SPECIFICATIONS 
Recommended conditions apply unless otherwise specified. 


ABSOLUTE MAXIMUM RATINGS 
Operation outside these rating limits may cause permanent damage to this device. 


PARAMETER RATING 
Pin Voltage (Analog pins) -0.3 to VPA, + 0.3V 


Pin Voltage (All others) -0.3 to VPD + 0.3V 
or +12 mA 


Storage Temperature 65 to 150°C 
Lead Temperature (Soldering 10 sec.) 260°C 


RECOMMENDED OPERATING CONDITIONS 
Currents flowing into the chip are positive. 


POWER SUPPLY 


PARAMETER CONDITIONS 


IVPA Supply Current Outputs unloaded; 


IVPD PDWN = high or open 


Power dissipation Ta = 25°C, outputs unloaded a 
PDWN = low, 
Outputs unloaded 


LOGIC SIGNALS 


* Output load is a 4K resistor to 5V and a 10 pF capacitor to DGND. 
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MODE CONTROL 


PARAMETER 


Enable to/from PDWN 
Transition Time 


CONDITIONS 


Settling time of external 
Capacitors not included, 
pin high to/from low 


Read to Write Transition Time R/W pin high to low 
Write to Read R/W pin low to high us 
Transition Time | AGC settling not included 

HOLD On to/from HOLD Off HOLD pin high to/from low ps 
Transition Time | 


READ MODE (R/W is high) 

AGC AMPLIFIER 

Unless otherwise specified, recommended operating conditions apply. Input signals are AC coupled to IN+ and 
amplitude is between 25 mVpp & 250 mVpp differential. OUT+ are loaded differentially with >600Q, and each 
side is loaded with < 10 pF to AGND, and AC coupled to DIN+. A 2000 pF capacitor is connected between BYP 
and AGND. AGC pin is open. 


Maximum Output 
Voltage Swing 


Differential Input Resistance (IN+) - (IN-) = 100 mVpp 


@ 2.5 MHz 


hak 
a 
@ 2.5 MHz 

i 

ae 

ae 


Differential Input Capacitance 


Input Noise Voltage 
Bandwidth -3 dB bandwidth at 7 
maximum gain 
OUT+ & OUT- Pin Current No DC path to AGND 
CMRR (Input Referred) (IN+) = (IN-) = 100 mVpp 
@ 2.5 MHz, gain set to max 
PSRR (Input Referred) VPA1, 2 = 100 mVpp 30 
@ 2.5 MHz, gain set to max 


Common Mode Input R/W = high 
Impedance R/W = low 
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AGC AMPLIFIER (Continued) 


PARAMETER 


(DIN+) - (DIN-) Input 25 mVpp < (IN+) - (IN-) 
Swing vs. AGC Input < 250 mVpp, HOLD = high, 
0.5 Vpp < (DIN+) - (DIN-) 
< 1.5 Vpp 


(DIN+) - (DIN-) Input Voltage 
Swing Variation 


Slow AGC Charge Current DIN+) - (DIN-) = 0.8 VDC, 


vary AGC until slow charge 
begins 


Fast AGC Charge Current (DIN+) - (DIN-) = 0.8 VDC, 
Vacc = 3.0V 


Fast to Slow Attack [(DIN + )— (DIN — )] 


Switchover Point [( DIN+ )— (DIN— )] FINAL 


Gain Decay Time (Td) (IN+) - (IN-) = 250 mVpp to 
125 mVpp @ 2.5 MHz, 
(OUT+) - (OUT-) to 90% final 
value 


(IN+) - (IN-) = 50 mVpp to 

25 mVpp at 2.5 MHz 
(OUT+) - (OUT-) to 90% 
final value 

Gain Attack Time R/W = low to high 
(IN+) - (IN-) = 250 mVpp 
@ 2.5 MHz, (OUT+) - (OUT-) 
to 110% final value 


WRITE MODE (R/W is low) 


PARAMETER CONDITION 


Common Mode Input 250 
Impedance 
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HYSTERESIS COMPARATOR 


Unless otherwise specified, recommended operating conditions apply. Input (DIN+) - (DIN-) is an AC coupled, 
1.0 Vpp, 2.5 MHz sine wave. 0.5 VDC is applied to the HYS pin. R/W pin is high. 


PARAMETER CONDITIONS MIN | 
| Input Signal Range ee re 


Differential Input Resistance (DIN+) - (DIN-) = 100 mVpp 12.5 
@ 2.5 MHz 
Differential Input Capacitance (DIN+) - (DIN-) = 100 mVpp 
@ 2.5 MHz 


Impedance (Both Sides) 
Level Pin Output Voltage 0.6 Vpp < (DIN+) - (DIN-) 
< 1.5 Vpp, 10K between 


vs. (DIN+) - (DIN-) 
LEVEL and AGND 


Level Pin Output Offset Voltage 10 kQ between level 
and AGND | 


-LeveiPin Oupitimpeance [hove =02ma | 
= 
waa 
— 


Level pin Maximum 

Output Current 

Hysteresis Voltage at DIN+ 0.3 V < HYS < 1.0V 
vs. HYS Pin Voltage 

HYS Pin Input Current 0.5V <HYS < 1.5V 


Comparator Offset Voltage HYS pin at AGND 
< 1.5 kQ across DIN+ 


DOUT Pin Output Low Voltage 5 kQ from DOUT to GND 
DOUT Pin Output High Voltage 5 kQ from DOUT to GND 
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ACTIVE DIFFERENTIATOR 


Unless otherwise specified, recommended operating conditions apply. Input (CIN+) - (CIN-) is an AC-coupled, 
1.0 Vpp, 2.5 MHz sine wave. 1000 in series with 65 pF are tied from DIF+ to DIF-. 


PARAMETER CONDITIONS 
input Signal Range ae 


Differential Input Resistance (CIN+) - (CIN-) = 100 mVpp 
j @ 2.5 MHz 


Differential Input Capacitance (CIN+) - (CIN-) = 100 mVpp 
@ 2.5 MHz 


I+ 
= 
N 


< 


Cc 
= 
+ 


p 


TS 


TS 


Voltage Gain From (DIF+ to DIF-) = 2 kQ 
CIN+ to DIF+ 


Differentiator impedance 
must be set so as to not clip 


the signal for this current 
level 


Comparator Offset Voltage DIF+, DIF- are AC-coupled 


< 


Fast Discharge Switch [ous | Fast Discharge Switch Sus 

| 
| 
| 
| 


| | 
| | 
(DIN+ — DIN-) | | | 


| : ee 
| ULES 
| | Fast , Slow , 


' J 
Fast Slow Discharge Discharge 
Charge Charge 


Figure A: AGC Attack Sequence Figure B: AGC Decay Sequence 


FIGURE 7: AGC Timing Diagram 
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QUALIFIER TIMING 


Unless otherwise specified, recommended operating conditions apply. Inputs (CIN-+) - (CIN-) and (DIN+) - 
(DIN-) are in-place as a coupled, 1.0 Vpp, 2.5 MHz sine wave. 100Q in series with 65 pF are tied from DIF+ 
to DIF-.0.5V is applied to the HYS pin. COUT and DOUT each have a5 kQ pull-down resistor (fortest purposes 
only.) R/W pin is high. | | | 


PARAMETER CONDITIONS 


Td1 D Flip-Flop Set Up Minimum allowable time 
Time delay from (DIN+) - (DIN-) 
exceeding hysterisis 
point to (DIF+) - (DIF-) 
hitting a peak value. 
Td 
d 


3 Propagation Delay From positive peak to RDO* 
output pulse 
Td4 Propagation Delay From negative peak to RDO* 
Output pulse . 


Ta3T94 Puse Palig fT 
Td5 _- RD Output Pulse Width | RDW pin open } 24 | 32 | at 


+HYSTERESIS LEVEL 
V(CIN+) — (CIN-) 
and 0 
V(DIN+) — (DIN-) 


HYSTERESIS LEVEL 


VDOUT 
V (DIN+ — DIN-) 


DIFFERENTIATOR 
COMPARATOR OUTPUT 


VcouT 


red ll 


RO OUTPUT 


FIGURE 8: Read Mode Digital Section Timing Diagram 
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PACKAGE PIN DESIGNATIONS 
(Top View) 


—_ 


af] N/C 
wf) HYS 
ro[] -DIF+ 
—{] DIF- 
rf} CIN+ 
| DIN+ 
[| CIN- 


LEVEL [| 5 N/C 
AGC [16 DIN- 
IN+ []7 OUT- 
IN- [| 8 OUT+ 
HOLD [19 AGND 
VPA [] 10 BYP 
COUT [I 11 DGND 


2 
3 
4 
5 
6 
7 
8 
9 


13 15 

oO QO oO Ee 
24-Lead PDIP, SOL = 2 2 gE 8 

28-Lead PLCC 


THERMAL CHARACTERISTICS: 6ja 


80°C/W 


: CAUTION: Use handling procedures necessary 


Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for 
final design. 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 


reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 


Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX: (714) 573-6914 
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SSI 32P3000 
Pulse Detector with 
Programmable Filter 


Preliminary Data Data 


DESCRIPTION 


The SSI 32P3000 is a bipolar integrated circuit that 
provides all the data processing for detection and 
qualification of encoded read signals from a head 
preamplifier. This device can handle a NRZ data rate of 
48 Mbit/s. 


The SSI 32P3000 includes an AGC amplifier with AGC 
charge pump, a programmable 7-pole Bessel low pass 
filter, and a pulse qualification circuit. The device 
features a complete differential circuit architecture in 
the signal path, for high immunity to noise and power 
supply ripples. 

For fast write-to-read recovery, the SSI 32P3000 al- 
lows the user to control the low input state and AGC fast 
recovery mode independently. The AGC action can 
also be disabled for embedded servo decoding or other 
processing needs. 


ideal for constant density recording applications, the 
SS! 32P3000 low pass filter has a programmable 9 - 27 
MHz bandwidth and 0 - 13 dB boost for pulse slimming. 
A time derivative of the read signal is also provided by 
the filter for time qualification in peak detection. 


The SSI 32P3000 requires only a +5V power supply 
and is available in a 36-pin SOM package. 


December 1991 
FEATURES 
* Compatible with 48 Mbit/s data rate operation 
¢ Fast attack/decay modes for rapid AGC recovery 


°¢ Low Drift AGC hold, fast AGC recovery, and low 
AGC input impedance control signals 


¢ Includes programmable pulse slimming equaliza- 
tion and programmable channel filter and 
differentiator with no external filter components 


e +0.5 ns filter group delay variation from 0.3 FC to 
FC = 27 MHz 


¢ Independent positive and negative threshold 
qualification to suppress error propagation 


* 0.5 ns max pulse pairing 
¢ +5V only operation 
* 36-pin SOM package 


BLOCK DIAGRAM 


Programmable 
Equalizer 


an act Fitter 
ms Ld a Differentiator 
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FUNCTIONAL DESCRIPTION 


The SSI 32P3000 Pulse Detector is designed to sup- 
port a 48 Mbit/s NRZ data rate. The signal processing 
Circuits include a wide band variable gain amplifier, a 
dual-rate AGC charge pump, a programmable elec- 
tronic filter, and a pulse qualifier. 


AGC Amplifier 


The wide band AGC amplifier is to amplify the read 
signal from the read/write pre-amp to a signal level 
acceptable at the pulse qualifier. The AGC amplifier 
gain is an exponential function of the BYP voltage 
when referenced to VCA. 


V@BYP-Vr 


Av=Ao exp|( K 


AGC Actions 


The AGC loop is to maintain a constant DP/DN signal 
at the nominal level, ~1Vppd. The AGC actions are 
current charging and discharging the external BYP 
integrating capacitor. These AGC actions can be clas- 
sified into the following categories: 


)] (seenote 1) 


Automatic 


Slow Decay 


When the DP/DN signal is below the nominal 
level, a slow decay current, Id, charges the BYP 
capacitor. The AGC amplifier gain is increased 
slowly. This slow decay current tracks with the 
bandwidth of the filter. Id = 0.008 x IFI. At T = 
27°C, the maximum Id is 4.5 A when the filter 
cutoff frequency is 27 MHz. 


Slow Attack 


When the DP/DN signal exceeds the nominal 
level but is below 125% of the nominal level, a 
slow attack current, Ich, discharges the BYP 
Capacitor. The AGC amplifier gain is decreased. 
The slow attack current is 40 times that of the 
slow decay current. Thus, for a given BYP ca- 
pacitor, the slow attack response time is quicker 
than the slow decay response. 


Note 1: In aclosed AGC loop, the sensitivity of Ao, Vr 
and K to typical process variations is irrelevant. The 
typical values of Ao, Vr and K are provided for 
references only, and not tested in production. Ao = 11, 
Vr=3.6 and K = 0.22 
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Fast Attack 


When the DP/DN signal exceeds 125% of the 
nominal level, the device enters a fast attack 
mode. A fast attack current, Ichf, discharges the 
BYP capacitor. The AGC amplifier gain is quickly 
lowered. The fast attack current is seven times 
that of the slow attack current. 


User Control 


FAST REC 


When FAST REC = 1, the SSI 32P3000 enters 
the fast recovery mode. Independent of the DP/ 
DN signal level, a fast recovery current, Idf, 
charges the BYP capacitor. This fast recovery 
current magnitude is 20 times that of the slow 
decay current. The AGC amplifier gain is quickly 
raised. Meanwhile, all the above automatic AGC 
actions remain active. 


HOLD 


When HOLD = 0, all the automatic AGC actions 
and the fast recovery action are suspended. The 
BYP capacitor voltage remains constant, except 
for leakage effects. 


Programmable Filter 


The SSI 32P3000 includes a programmable low pass 
filter following the AGC amplifier for (1) 2X voltage gain 
from filter input to filter outputs, (2) noise limiting, (3) 
pulse slimming, and (4) provision of a time differenti- 
ated signal. The low pass filter is of a 7-pole 2-zero 
Bessel type. The filter's un-boosted -3 dB bandwidth, 
defined as the cutoff frequency, is programmable from 
9-27 MHz; the high frequency equalization is program- 
mable from 0 - 13 dB at the cutoff frequency. 


The filter input is ac-coupled from the AGC amplifier 
output. The filter's normal low pass output is ac- 
coupled to the data channel of the pulse qualifier. The 
differentiated low pass output is ac-coupled to the time 
channel of the pulse quailifier. 
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The normalized 7-pole 2-zero Bessel filter transfer 
function is given as: 


+2.94933 + 
S*+ 3.22597S + 2.94933 & 
+ 
| an | 


S’+ 3,22597S + 2.94933 


INPUT 


The cutoff frequency, fc, is programmable with 3 pins: 
RX, IFO and IFI. At the RX pin, an external resistor to 
ground establishes a reference current, IFO = 0.75 / 
Rx, at T = 27°C. IFl should be made proportional to IFO 
for fc temperature stability. The cutoff frequency is 
related to the RX resistor, IFO and IFI currents at the 
following: IFl 125 
Fo(MHZ) = 27 BX (KO) 

For a fixed cutoff frequency setting, IFO and IFI can be 
tied together. The cutoff frequency equation then re- 
duces to: 1.25 


RX(kQ) 


For programmable cutoff frequency, an external cur- 
rent DAC can be used. IFO should be the reference 
current into the DAC. The DAC output current drives 
IF, which is then proportional to IFO. The DACF inthe 
SSI 32D4661 Time Base Generator is designed to 
control fc of the Silicon Systems programmable filters. 
When the DACF, which has a 4X current gain from its 
reference to fullscale output, is used, 5 kQ RX is used. 
The fc is then given by: 


fc(MHz)= 27° 


fc(MHz)=27> 


F_ Code 

127 
where F_Code is a decimal code equivalent to the 7-bit 
input into the DACF. 


The high frequency equalization is programmable with 
two pins: VRG and VBP. The VRG is a bandgap 
reference voltage, 2.2 V typically. The voltage at the 
VBP pin determines the amount of high frequency 
boost at the cutoff frequency. The boost function is as 
the following: 


Boost(dB) =20logjo[ (3.47° ane 


VRG 
For a fixed boost setting, a resistor divider between 
VRG and ground can be used with the divided voltage 
at the VBP pin. For programmable equalization, an 
external voltage DAC can be used. VRG should be the 


)+1] 


3.32507 
S*+ 2.75939S + 3.32507 
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NORM 


4.20534 
S?+ 1.82081S + 4.20534 


reference voltage to the DAC. The DAC output voltage 
is then proportional to VRG. The DACS in the SSI 
32D4661 is designed to control the magnitude equal- 
ization of Silicon Systems’ programmable filters. When 
DACS is used, the boost relation then reduces to: 


Sad ss CIEL I 


Boost(dB)=20log,o[ ( 127 


Pulse Qualification 


The SSI 32P3000 validates each DP/DN peak by 
combination of level qualification and time qualifica- 
tion. In level qualification, a dual-comparator threshold 
detection eliminates errors due to low level additive 
noise. In time qualification, the filter's differentiated 
output is used to locate signal peaks. 


Level Qualification 


The dual-comparator architecture allows independent 
detection for positive and negative peaks. One com- 
parator detects a positive peak by comparing the data 
signal with a positive threshold. The other comparator 
detects a negative peak by comparing the data signal 
with a negative threshold. Each comparator has a 
small hysteresis, 20% of the set threshold, to avoid 
false triggering by noise around the set threshold. 


The SSI 32P3000 allows two ways of setting the 
thresholds: fixed threshold or DP/DN tracking thresh- 
old. Fixed threshold can be simply set by a DC voltage 
at the VTH pin, suchas froma resistor dividerfrom VCA 
to VRC (see note 2). The threshold at each comparator 
can be computed as: Hysteresis Gain » (VTH - VRC). 
The thresholds at the two comparators are of the same 
magnitude, but of opposite polarity. For high perfor- 
mance system application, however, fixed threshold is 
not recommended. 


Note 2: VCA is the +5V supply. VRC is the bandgap 
voltage referenced from VCA, i.e., VRC = VCA- VRG. 
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DP/DN tracking threshold has the advantages of 
shorter write-to-read recovery time and lower probabil- 
ity of error with input amplitude drop out. The threshold 
is designed as a percentage of the DP/DN peak volt- 
age. This technique can be implemented by feeding 
the LEVEL output, through a resistor divider network, 
to the VTH pin. The LEVEL output, amplified peak 
capture of DP/DN signal, can be computed as: Level 
Gain « DP/DN ppd + VRC. With the resistor divider, a 
fraction of the LEVEL output is presented at the VTH 
pin. The threshold, as a function of DP/DN, can be 
summarized as Level Gain « Resistor Dividing Ratio = 
Hysteresis Gain * DP/DN ppd. For a typical case of 1 
Vppd DIN signal, assume equal value resistors in the 
divider network, the threshold is 0.75 *0.5* 0.445 * 1.0 
= 0.17 V. This represents 34% threshold on a 1 Vppd 
signal. While both the Level Gain and Hysteresis Gain 
bear a moderate tolerance due to typical process 
variation, they inversely track each other to yield a 
much tighter threshold accuracy in a closed loop. 


While the external resistor divider ratio determines the 
qualification setting, the total resistance and the peak 
capture capacitor should be optimized for the system 
data rate. The RC time constant must be small enough 
to allow good response to changing DP/DN peak, but 
large enough to provide a constant threshold after a 
long duration of input absence. 


PIN DESCRIPTION 
INPUT PINS 


charge pump 
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1 | AGC Ampitierinputpns. ——SOSC~“~*~—~—~S~S 

1 | eaalzentiter input ping. 

/ 1 | ata inputs to deta comparators and fulwave recier. 

/ 1 J itrenated data inputs tothe clock comparator. 

- 1 | treshotd evel sting input forthe data comparators. 

IIE 5 ntshaoisesncelciad 
mode. 


TTLcompatible input when high reduces the AGC amplifier input resistance. 


TTL compatible input when low disables the AGC action by turning off the 


The Pulse Qualifier output is the pseudo-ECL differen- 
tial output, RD and RD. Corresponding to each vali- 
dated peak of the DP/DN signal, a one-shot pulse 
occurs at the RD/RD output. The pulse width of the 
one-shot pulse is determined by an external resistor 
from the OST pin to ground. 


Pulse Width(sec)=0.174*(Ros7 —340)*(22pF+C,) 
Rost = 3kQ to 10kQ,C, = stray capacitance 
DO and DO form the differential output as test points to 


examine the output of the two comparators. Eachis an 
open-emitter output requiring an 5 kQ external resistor 


pull-down to ground. 
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PIN DESCRIPTION (continued) 


OUTPUT PINS 


a 
| VOA+,VOA- | © {| _ AGC amplifier output pins. 

ren on: | 0 —| “tai ral oupapng 
CM 
[20.00 | 0 | “ECL eampate data comparator ich ou ping 
|RD+RD- | © | _ECLoompatiblereaddataoutputpins, 


LEVEL Open NPN emitter output that provides a fullwave rectified signalforthe VTH 
input. The signal is referenced to VRC. 

SERVO Open NPN emitter output that provides a fullwave rectified servo signal. The 
signal is referenced to VRC. 


ANALOG PINS 


oo Ft | Reference voltage pin for the programmable filter. VRG is referenced to 
ground. 


The equalizer high frequency boost is set by an external voltage applied to 
this pin. VBP must be proportional to VRG. Programmable boost is imple- 
mented by using a DAC that uses VRG as its reference. A fixed amount of 
boost can be set by an external resistor divide network connected from VBP 
to VRG and GND. 


Pin to set filter reference current. External resistor Rx from this pin to ground 
sets the filter reference current IFO. 


Reference current output pin. The reference current is normally supplied 
as the reference current to a current DAC which generates the program- 
mablie input current for the IFI pin. 


Programmable filter input current pin. The filter cutoff frequency is propor- 
tional to the current into this pin. The current must be proportional to the 
reference current out of IFO. A fixed filter cutoff frequency is generated by 
connecting IFO to IFI and selecting Rx to set the desired frequency. 


Optional reference voltage input for the AGC. The reference voltage is 
normally set by an internal resistor divider for VCC to VRC. (Not avail- 
able in 36 pin SO package). 
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ELECTRICAL SPECIFICATIONS 
Unless otherwise specified, 4.5<VCC<5.5, 0°C<Ta<70°C 


ABSOLUTE MAXIMUM RATINGS (Operation above maximum ratings may damage the device.) 


Vottage Applied to Inputs 


RECOMMENDED OPERATING CONDITIONS 


PARAMETER RATING | | UNIT 


Supply Voltage VCA = VCD = VCC 45 <VCC<55 
Ambient Temperature, Ta O<Ta<70 


POWER SUPPLY 
PARAMETER CONDITIONS 


SS SupplyCurent sd 


LOGIC SIGNALS 


VES _ ECL Differential Output VCC =5V V 
Swing |VRD - VRD] 

TRF ECL Output Rise and Fall | CL = 10 pF | 3.5 ns 
Time : 

TCS — Control Input Switching Us | 
Times 
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AGC AMPLIFIER 

The input signals are AC coupled to VIA+ and VIA-. VOA+ and VOA- are AC coupled to IN+ and IN-. ON+ and 
ON- are AC coupled to DP and DN. Ca 1000 pF. Fin = 4 MHz. Unless otherwise specified, the output is 
measured differentially at VOA+ and VOA-. 


PARAMETER 
VIR Input Range 


EG 
pa 
© 
slic 
s|z 
BI 


AVPV Gain Sensitivity 


DR VOAt 
Dynamic Range 


RINDA Differential Input 3.7 
Impedance 


RINSA Single Ended Input LOW Z = low 
Impedance 
LOW Z = high 


VOS Output Offset Voltage from min gain to max gain 
Variation 
VIN Input Referred Noise gain = max, Rs = 0Q LG 


Voltage filter not connected to 
VOA+, VOA- 


BW — Bandwidth No AGC action 


CMRR Common Mode Rejection | gain = max, f = 5 MHz 
Ratio | 
PSRR_ Power Supply Rejection | gain = max, f = 5 MHz 45 
Ratio 
GDT Gain Decay Time VIA+ VIA- = 240 mV to 120 mV 
VOA+ VOA- <0.9 Final Value 
GAT = Gain Attack Time VIA+ VIA- = 120 mV to 240 m 
VOA+ VOA- <1.1 Final Value 
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ELECTRICAL CHARACTERISTICS (continued) 
Unless otherwise specified, 4.5<VCC<5.5, 0°C<Ta<70°C 


AGC CONTROL 
The input signals are AC coupled to DP and DN. Ca = 1000 pF, LEVEL and SERVO load = 100 LA. 


PARAMETER CONDITIONS | 


VDI DP-DN Signal Input 
Range 
ID Discharge Current, Id FAST REC = low 0.008 x 
DP - DN=0 IFI 


IDF Fast Discharge FAST REC = high 
Current, Idf | 

ICH = Charge Pump Attack DP - DN = 0.55V 
Current, Ich 

ICHF Charge Pump Fast Attack} DP-DN = 0.675V | 
Current, Ichf | 


IK BYP Pin Leakage Current] HOLD = low, VBYP =3.5V _ 
VRG_ Reference Voltage | source = 0 to 1 mA era 


EQUALIZER/FILTER The input signals are AC coupled to IN+ and IN-. 


FC Filter Cutoff Frequency RX = 5kQ : 
fc = 27 x IFI/(4 x IFO) MHz 
42> |FI/IFO >= 4/3 


IFO IFO Reference Current IFO = 0.75/RX; Tj = 27°C 
Range 5kKQ > RX>1.25kQ  - 


IFI IFl Program Current Tj = 27°C, 27 MHz > fc > | 
Range 9 MHz 


0.15 
FCA _FCAFilter FC Accuracy | fc nominal = 27 MHz 


RX RX Range 


AO  ~ NormalLow PassGain | Fin=0.67fc — — 1.4. 2.2 VN 
AO = (ON +) / (IN+) 
AD Differentiated Low Pass Fin = 0.67fc 0.8AO 1.2AO0 VV 


Gain 
AD = (ON +)/ (IN+) 


FB __ Frequency Boost at fc__| FB = 20log [3.47 (VBP/VR)+1]| 0 | 


FBA Frequency Boost FB nominal = 13 dB -1.5 
Accuracy 
TGD1 Group Delay Variation fc =27 MHz, FB=0to9 dB 


fc>Fin>0.3fc 
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EQUALIZER/FILTER (continued) 
The input signals are AC coupled to IN+ and IN-. 


THD = 1.5% max 
Fin = 0.67 fc 


VNN ~ Eout Output Noise BW = 100 MHz, RS = 50Q 
Voltage; ON+, ON- VBP = 0, fe = 27 MHz 


BW = 100 MHz, RS = 50Q 
VBP = VRG, fc = 27 MHz 
VND Eout Output Noise BW = 100 MHz, RS = 50Q 
| Voltage; OD+, OD- VBP = 0, fc = 27 MHz 


BW = 100 MHz, RS = 50Q 
VBP = VRG, fc = 27 MHz 


DATA COMPARATOR 
The input signals are AC coupled to DP and DN. 


VID DP-DN Signal Range 


RIND _ Differential Input 
Resistance 


CIND _ Differential Input 
Capacitance 

VOSD Comparator Offset 
Voltage (Note 1) 

LG Level (Servo) Output 
Gain 


LBW Level (Servo) Output 
Bandwidth 


VSH _ Threshold Voltage 
Hysteresis 
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DATA COMPARATOR (continued) 
The input signals are AC coupled to DP and DN. 


PARAMETER | CONDITIONS | 


VHM Minimum Threshold VTH-VRC < 0.11V 
Voltage 


TPDD Propagation Delay From DP/DN to DO, DO 
| IVTH ~~ Input Bias Current 


CLOCKING 
The input signals are AC coupled to CP and CN. 


VC CP-CN Signal Range 


VOSC Comparator Offset 
Voltage 


RINC Differential Input 
| Resistance 


| CINC Differential Input 
Capacitance 


< 
5°) 
GC Le 


e | 
3 
< 


_ 
aA 
OD a 


Tpd =.174 (Rt-340)(22pf + Cs) 
Rt = 3K to 10K, Cs = stray Tpd 
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_ PIN DIAGRAM 
(Top View) 


VIA+ 
VIA- 
BYP 
VRC 
VTH 
LEVEL 
SERVO 
LOWZ 
HOLD 
FAST REC 
GND 
OST 
VCD 
RD- 
RD+ 
DO- 
DO+ 
VCC 


32P3000-CM 
36-Pin SOM 


ORDERING INFORMATION 


PART DESCRIPTION ORDER NO. | PKG.MARK 


SSI 32P3000 
36-Pin Small Outline (31.6 mil. pitch) 32P3000-CM 32P3000-CM 


Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations and 
are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 
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DESCRIPTION 


The SSI 32P3010 is a bipolar integrated circuit that 
provides allthe data processing for pulse detection and 
four-burst servo capture from encoded read signals. 
This device can handle a NRZ data rate of 48 Mbit/s. 


The SSI 32P3010 includes an AGC amplifier with AGC 
charge pump, a programmable 7-pole Bessel low pass 
filter, a pulse qualification circuit, and a 4-burst servo 
capture Circuit. Automatic AGC control maintains a 
constant signal level into the pulse qualifier, and 
achieves fast write-to-read recovery. A time 
differentiator is included in the servo signal path, if so 
needed. 


Ideal for constant density recording applications, the 
SSI 32P3010 low pass filter has a programmable 9-27 
MHz bandwidth and 0-13 dB boost for pulse slimming. 
A time derivative of the read signal is also provided by 
the filter for time qualification in peak detection. 


The SSI 32P3010 requires only a +5V power supply 
and is available in a 44-pin SOM package. 


FEATURES 


SSI 32P3010 
Pulse Detector with 
Programmable Filter 
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Compatible with 48 Mbit/s data rate operation 
Fast attack/decay modes for rapid AGC recovery 


Automatic AGC actions: Low Drift AGC hold, fast 
AGC recovery, and low AGC input impedance 
control signals 


Includes programmable pulse slimming equaliza- 
tion and programmable channel filter and 
differentiator with no external filter components 


+0.5 ns filter group delay variation from 0.3FC to 
FC = 27 MHz 


Independent positive and negative threshold 
qualification to suppress error propagation 


0.5 ns max pulse pairing 

Servo differentiator and 4-burst servo capture 
+5V only operation 

44-pin SOM package 


BLOCK DIAGRAM 


FULL WAVE 
RECTIFIER 


SERVO 
FULL WAVE | 
RECTIFIER | 
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FUNCTIONAL DESCRIPTION 


The SSI 32P3010 Pulse Detector/Filter with 4-Burst 
Servo Capture is designed to support a 48 Mbit/s NRZ 
data rate. The signal processing circuits include a wide 
band variable gain amplifier, a sophisticated dual-rate 
AGC charge pump, a programmable electronic filter, a 
pulse qualifier, a servo differentiator and a 4-burst 
servo capture Circuit. 


Modes of Operation 


The SSI 32P3010 can operate in one of three modes 
as controlled by RG and WG. 


Normal Read Mode RG = 0, WG = 1 


Inthe normal Read Mode, the AGC actions are 
active. The AGC amplifier processes the input 
signal pulses; one-shot pulses are generated 
at the RD and RD outputs for each qualified 
signal peak. The RDO output buffer, which is 
a TTL buffer of the RD/RD, is disabled and its 
output is pulled up high to reduce jitter and 
noise. 


Servo Read Mode RG = 1, WG = 1 


In the servo Read Mode, the AGC actions 
remain active (See note 1). The servo signals 
amplified, fullwave rectified, differentiated and 
gated to the proper peak capture capacitor. 
The pulse qualifier remains active, and the 
RDO output is active to aid in servo decode. 


Write Mode RG = X, WG = 0 


Inthe Write Mode, the AGC actions are sus- 


pended. The AGC amplifier input impedance 
is Clamped low to facilitate fast recovery. The 
RDO output is disabled and pulled up high to 
reduce jitter and noise. 


AGC Amplifier 


The wide band AGC amplifier amplifies the read signal 
from the read/write pre-amp to a signal level accept- 
able at the pulse qualifier. The AGC amplifier gain is an 
exponential function of the BYP voltage when refer- 
enced to VR. 


Av=Ao expi ave —V) (See note 2) 


AGC Actions 


The AGC loop maintains a constant DP/DN signal level 
at a nominal level, ~1Vppd. The AGC actions are 
current charging and discharging to/from the external 
BYP integrating capacitor, and are classified into the 
following modes: 

Normal Read and Servo Read Mode 

(RG = X, WG = 1) 


Slow Decay: When the DP/DN signal is below 1Vppd, 
a slow decay current, Id, charges the BYP capacitor. 
The AGC amplifier gain is increased slowly. This slow 
decay current tracks with the bandwidth of the filter. Id 
= 0.008 x IFI. At T = 27°C, the maximum Id is 4.5 pA 
when the filter cutoff frequency is 27 MHz. 


Slow Attack: When the DP/DN signal exceeds 1Vppd, 
but is below 1.25 Vppd, a slow attack current, Ich, 
discharges the BYP capacitor. The AGC amplifier gain 
is decreased. The slow attack current is 20 times that 
of the slow decay current. Thus, for a given BYP 
Capacitor, the slow attack response time is quickerthan 
the slow decay response. 


Fast Attack: When the DP/DN signal exceeds 1.25 
Vppd, the device enters a fast attack mode. A fast 
attack current, Ichf, discharges the BYP capacitor. The 
AGC amplifier gain is quickly lowered. The fast attack 
current is seven times that of the slow attack current. 


In servo Read Mode, constant AGC amplifier gain is 
generally desirable. Without an external AGC hold 
control, the servo data amplitude should be made 
lower than that of the data signal prior to the servo read 
mode. The SSI 32P3010 then enters the slow decay 
mode, which has a very slow effect on the AGC 
amplifier gain. 


Write Mode (RG = X, WG = 0) 


In the write mode, the AGC charge pump is disabled. 
This holds the AGC amplifier gain at its previous value. 


Notes: 


1. The servo signal should have a lower amplitude than 
the data signal prior to the servo read mode. Servo 
read should be completed before and significant 
change in AGC amplifier gain is resulted from the slow 
decay AGC mode. 


2. In aclosed AGC loop, the sensitivity of Ao and K to 
typical process variations is irrelevant. The typical 
values of Ao and K are provided for reference only, and 
not tested in production. Ao = 11, K = 0.22, VR = 3.6. 
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Write-to-Read Transition 
(RG = X, WG = 0-to-1) 


When the SSI 32P3010 switches from the write to read 
mode, i.e., WG 0-to-1 transition, the device remains in 
the low input impedance state for a preset time period. 
For the next time period, the device then enters either 
the fast decay or attack mode depending on the signal 
level at the DP/DN pins. The time period, t, is deter- 
mined by an external resistor, RT, from the LZ/FD pin 


to ground. 
_ RT (kQ) 
Uus)=—75 


For example, with RT = 38 kQ, each time period is 0.9 
ps. 
Programmable Filter 


The SSI 32P3010 includes a programmable low pass 
filter following the AGC amplifier for (1) 2X voltage gain 
from the AGC amplifier output to the pulse qualifier 
input, (2) noise limiting, (3) pulse slimming, and (4) 
provision of a time differentiated signal. The low pass 
filter is of a 7-pole 2-zero Bessel type. The filter's un- 
boosted -3 dB bandwidth, defined as the cutoff fre- 
quency, is programmable from 9-27 MHz; the high 
frequency equalization is programmable from 0-13 dB 
at the cutoff frequency. 


The filter input is ac-coupled from the AGC amplifier 
output. The filter's normal low pass output is ac- 
coupled to the data channel of the pulse qualifier. The 
differentiated low pass output is ac-coupled to the time 
channel of the pulse qualifier. 


The normalized 7-pole 2-zero Bessel filter transfer 
function is given in Figure 1. 


The cutoff frequency, fc, is programmable with 3 pins: 
RX, IFO and IFI. At the RX pin, an external resistor to 
ground establishes a reference current: 


iro=2? att =27°C 
Rx 


3.32507 


S’+ 2.75939S + 3.32507 


Transfer function normalized for W = 2rfc = 1 
An and Ap are adjusted for gain of 2 at f = 0.67fc. 
Frequency scaling S = S/2xfc 


S’+ 3.22597S + 2.94933 
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|Fl should be made proportional to IFO for fc tempera- 
ture stability. The cutoff frequency is related to the RX 
resistor, IFO and IF! currents as the following: 


IFl 125 
MHz) =27 -—-» ——__ 
FO(MAZ) = 27 +O x(k) 
For a fixed cutoff frequency setting, IFO and IFI canbe 
tied together. The cutoff frequency equation then re- 


duces to: 1.25 
fc(MHz)=27 Rx (KO) 

For programmable cutoff frequency, an external cur- 
rent DAC can be used. IFO should be the reference 
current into the DAC. The DAC output current drives 
IFI, which is then proportional to the IFO. The DACF in 
the SSI 32D4661 Time Base Generator is designed to 
control fc of the Silicon Systems programmable filters. 
When the DACF, which has a 4X current gain from its 
reference to fullscale output, is used, 5 kQ RX is used. 
The fc is then given by: 


F_Code 

Hz) = 27¢-———___- 

fc(MHz) = 2 107 

where F_Code is the decimal code equivalent to the 7- 
bit input into the DACF. 


The high frequency equalization is programmable with 
two pins: VRG and VBP. The VRG is a bandgap 
reference voltage, 2.2V typically. The voltage at the 
VBP pin determines the amount of high frequency 
boost at the cutoff frequency. The boost function is as 
follows: 


Boost (dB) =20logjo jeaeNes 


VRG 


For a fixed boost setting, a resistor divider between 
VRG to ground can be used with the divided voltage at 
the VBP pin. For programmable equalization, an exter- 
nal voltage DAC can be used. VRG should be the 
reference voltage to the DAC. The DAC output voltage 
is then proportional to the VRG. The DAC in the SSI 
32D4661 is designed to control the magnitude equal- 
ization of Silicon Systems programmable filters. 


)+1] 


4.20534 
S?+ 1.82081S + 4.20534 


1.68536 
S + 1.68536 


en: eee 
S + 1.68536 


FIGURE 1: Bessel Filter Transfer Function 
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When DACs are used, the boost relation then reduces 
to: _: 
Boost(dB)=201l0g9[(3. 47-8. Code 


a7 4 


Pulse Qualification 


The SSI 32P3010 validates each DP/DN peak by a 
combination of level qualification and time qualifica- 
tion. In level qualification, a dual-comparator threshold 
detection eliminates errors due to low level additive 
noise. In time qualification, the filter's differentiated 
output is used to locate signal peaks. 


Level Qualification 


The dual-comparator architecture allows inde- 
pendent detection for positive and negative 
peaks. One comparator detects a positive 
peak by comparing the data signal with a 
positive threshold. The other comparator de- 
tects a negative peak by comparing the data 
signal with a negative threshold. Each com- 
parator has a small hysteresis, 20% of the set 
threshold, to help qualify signals which just 
clear the set threshold. 


The SSI 32P3010 comparator thresholds are 
set by a DC voltage at the VTH pin, such as 
from a resistor divider from VCA to VRC (see 
note 3). The threshold at each comparator can 
be computed as: Hysteresis Gain x (VTH - 
VRC). The thresholds at the two comparators 
are of the same magnitude, but of opposite 
polarity. 


The SSI 32P3010 has three sets of pulse detector 
outputs: RD/RD, RDO, and DO/DO. RD/RD output is 
the pseudo-ECL differential output. Corresponding to 


each validated peak of the DP/DN signal, a one-shot 


PIN DESCRIPTION 
INPUT PINS 


VIA+, VIA- 
IN+, IN- 


[NAME | TPE] bESGRIPTON. OOS 
1] "AGC Ampitierimpatpns. —S=C~=~“*‘~*~“‘*‘~*S*SCS 
[1 J eaizentiterinpt pine. 
1 Fata ints to data comparators anduwave recite. 

rep.cN | Fifer data inputs tothe cock comparator. 
1] recht ive seting nput forthe data conparairs—— 
ea! te Mode 


TTL compatible input. When low the device is in Write Mode 


pulse occurs at the RD/RD output. The pulse width of 
the one-shot pulse is determined by an internal timing 
circuit, and specified in the electrical specification. 


RDO is the TTL output of the pulse detector, logically 
equivalent to RD/RD. Again, a one-shot pulse occurs at 
the RDO output for each validated peak of the DP/DN 
signal. The pulse width of this one-shot pulse is also 
specified in the electrical specification. DO/DO outputs 
are differential test points used to monitor the outputs 
of the internal comparators. Each is an open-emitter 
output requiring a 5 kQ external resistor pull-down to 
ground. 


Four-Burst Servo Differentiator and Capture 


The SSI 32P3010 supports advanced embedded 4- 
burst servo technique. The signal at the DP/DN input 
canbe time differentiated, fullwave rectified, and gated 
onto the selected peak capture output. A peak capture 
output is selected by pulling its corresponding GT x to 
logic '0.’ : 

The transfer function from the DP/DN to the servo 
fullwave rectifier input is: 

2380Cs 


~ LCs? +(R+48.1)Cs+1 


where: R, L, and C are external passive components 
across SDIF+ 


15 pF <C < 125 pF 

S = jw 
When the time differentiation function is not desired, a 
2 kQ resistor should be used across the SDIF+ pins. 


The transfer function from the servo fullwave rectifier 
input to the peak capture output is set so that a 1 Vppd 
DP/DN signal produces 0.95 Vpeak output. With no 
signal input, the outputs are set close to ground, witha 
finite offset common to all four channels. 


Note 3: VCA is the +5V supply. VRC is the bandgap 
voltage referenced from VCA, i.e., VRC = VCA- VRG. 


2-118 


1291 


1291 


SSI 32P3010 
Pulse Detector with 
Programmable Filter 


PIN DESCRIPTION 


INPUT PINS (continued) 
TYPE 


DESCRIPTION 
TTL compatible input. When low, the device is In normal Read Mode. 


TTL compatible input. When low, the device is in Write Mode. When both RG 
and WG are low, the device is in Servo Mode. 


TTL compatible input. When low the corresponding servo gate channel 
is enabled. 


OUTPUT PINS 


AGC amplifier output pins. 

Equalizer/tilter normal output pins. 

Equalizer/filter differentiated output pins. 

ECL compatible data comparator latch output pins. 
ECL compatible read data output pins. 

TTL compatible read data output. 

Pins for external differentiating network for servo data. 


Open npn emitter outputs that provide a fullwave rectified signal from the 
servo differentiator. These outputs are referenced to AGND. These outputs 
are high impedance when not enabled by GTX 


Reference voltage pin for SERVO and LEVEL. VRC is referenced to VCA. 


Reference voltage pin for the programmable filter. VRG is referenced to 
ground. 


The equalizer high frequency boost is set by an external voltage applied to 
this pin. VBP must be proportional to VRG. Programmable boost is 
implemented by using a DAC that uses VRG as its reference. A fixed amount 
of boost can be set by an external resistor divide network connected from 
VBP to VRG and GND. 
Pin to set filter reference current. External resistor Rx fromthis pin to ground 
sets the filter reference current IFO. 
Reference current output pin. The reference current is normally supplied 
as the reference current to a current DAC which generates the program- 
mable input current for the IFI pin. 
Programmable filter input current pin. The filter cutoff frequency is propor- 
tional to the current into this pin. The current must be proportional to the 
reference current out of IFO. A fixed filter cutoff frequency is generated by 
connecting IFO to IFl and selecting Rx to set the desired frequency. 


Pin for external resistor to set timing for both Low-Z input and fast decay 
modes. 


The AGC integrating capacitor Ca is connected between BYP and VCA. 


Analog and Digital +5 volts. 
Analog and Digital grounds. | | 
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RD, RD 
SDIF+, SDIF- 


PKC, PKD 


ANALOG PINS 


< 
we) 


7m 
Oo 


VRG 


VCA, VCD 
AGND1, DGND 
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ELECTRICAL SPECIFICATIONS 
Unless otherwise specified, 4.5 to 5.5, 0°C<Ta<70°C 


ABSOLUTE MAXIMUM RATINGS (Operation above maximum ratings may damage the device.) 


PARAMETER _ | VALUE | | 


Storage Temperature | | -65 to +150 z 
Junction Operating Temperature, T; 


Supply Voltage, VCA, VCD 
Voltage Applied to Inputs -0.7 to VCA, VCD 


RECOMMENDED OPERATING CONDITIONS 


PARAMETER | 
Supply Voltage VCA = VCD = VCC 45<VCC<55 
Ambient Temperature, Ta 0<Ta</0 
POWER SUPPLY 
PARAMETER _|_ CONDITIONS | MIN | NOM | MAX | UNIT 
PD Power Dissipation Outputs unloaded 490 540 mW 

4.5V < VCA, VCD <5.5V_ 
LOGIC SIGNALS 


| VIL TTLinputLowVoltage | CT || TV 
Vid Tre input righ Votage | ——~=S~ «it | “vos 
oe 
= 


VOE ECL Differential Output VCC =5V 
Swing 

TRF  EC1 Output Rise and CL = 10 pF 
Fall Time 

TS Control Input Switching 
Times 


VOLT TTL Output Low Voltage | IOL = 4mA 
VOHT TTL Output High Voltage 


VOL ECL Output High Voltage | VCC = 5V 


IOH = -400 mA 
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AGC AMPLIFIER 

The input signals are AC coupled to VIA+ and VIA-. VOA+ and VOA- are AC coupled to IN+ and IN-. ON+ and 
ON- are AC coupled to DP and DN. Ca 1000 pF. Fin = 4 MHz. Unless otherwise specified, the output is 
measured differentially at VOA+ and VOA-. 


RINSA Single Ended Input 
Impedance 


VIN Input Referred Noise gain = max, Rs = 0Q 
Voltage filter not connected to 
VOA+ and VOA- 


VIAppd = 120 mV to 240 mV 
VOAppd < 1.1 Final Value 
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ELECTRICAL SPECIFICATIONS (continued) 
Unless otherwise specified, 4.65<VCC<5.25, 0°C<Ta<70°C 


AGC CONTROL 
The input signals are AC coupled to DP and DN. Ca = 1000 pF. 


PARAMETER CONDITIONS 


VDI DP-DN Signal Input 
Range 
Discharge Current WG = 1, DP - DN =0V 


Charge Pump Attack WG = 1, DP - DN = 0.55V 
Current 

CHF Charge Pump Fast Attack] WG = 1, DP - DN = 0.675V 
Current, Ichf 


Ik ___ BYP Pin Leakage Current 


VRC VRC Reference Voltage 


IVRC VRC Output Drive 
VRG _ VRG Reference Voltage 
IVRG VRG Source Current 


TLZ Low-Z and Fast Decay 
Timing Accuracy 


D 
F Fast Discharge Current 
H 


ID 
ID 
IC 
| 
K 


EQUALIZER/FILTER , 
The input signals are AC coupled to IN+ and IN-. 


fe Filter Cutoff Frequency RX = 5kQ 
fc = 27x IFI/(4 x IFO ) MHz 
4 > IFO/IFI > 4/3 
IF IFO Reference Current IFO = 0.75/RX; Tj = 27°C 
5kQ > RX > 1.25 kQ 
IF! IF Program Current Tj = 27°C, 27 MHz > fc > - 


Range 9 MHz 


FCA . FCA Filter FC Accuracy fc = 27 MHz 


O 
RX RX Range 
O 


A Normal Low Pass Gain Fin = 0.67fc 
AO = (ON +) / (IN+) 
AD Differentiated Low Pass Fin = 0.67fc 
Gain 
AD = (ON +) / (IN+) 
FB Frequency Boost at fc FB = 20log [3.47 (VBP/VR) + 1] 


FBA Frequency Boost 
Accuracy 
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EQUALIZER/FILTER (continued) 
The input signals are AC coupled to IN+ and IN-. 


PARAMETER CONDITIONS 


TGD1 Group Delay Variation fc =27 MHz, FB=0to9 dB 
fc>Fin> 0.3 fc 

TGD2 fc =9 to 27 MHz 
fc>Fin>0.3 fc 


VOSF Output Offset Voltage 

DRF  VOF Filter Output THD = 1.5% max 
Dynamic Range Fin = 0.67 fc 

RINF Filter Input Resistance 


CINF Filter Input Capacitance 
ROF Filter Output Resistance | l|O=0.5mA 


VNN _ Eout Output Noise BW = 100 MHz, RS = 500 
Voltage; ON+, ON- VBP = 0, fc = 27 MHz 


BW = 100 MHz, RS = 50 
VBP = VRG, fc = 27 MHz 


hae 
= 
VND Eout Output Noise BW = 100 MHz, RS = 500 i 
Voltage; OD+, OD- VBP = 0, fc = 27 MHz 
BW = 100 MHz, RS = 500 
VBP = VRG, fc = 27 MHz Pf 
4 


DATA COMPARATOR 
The input signals are AC coupled to DP and DN. 


VSH _ Threshold Voltage 
Hysteresis 
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CLOCKING 
The input signals are AC coupled to CP and CN. 


PARAMETER CONDITIONS 
CP-CN Signal Range 


VOSC Cone Offset 
Voltage 

RINC _ Differential Input 
Resistance 

CINC _ Differential Input 
Capacitance 


TDS  D Flip-Flop Set Up Time DP-DN threshold to CP-CN 


zero cross, CP-CN = 1Vppd 
at 18 MHz 


PP Pulse Pairing CP-CN = 20 mVppd square 
wave 


TPDC Propagation Delay from 
CP-CN zero crossing 
to RD 


PWRD RD OutputPulseWidth | 
PWRT RDO, TTL Output Pulse 
Width | 


SERVO DIFFERENTIATOR/FULL-WAVE RECTIFIER 
An external series network is connected between SDIF and SDIF to determine the servo differentiator 
transfer function. The input signals are AC coupled to DP and DN. Fin = 6.7 MHz at 1.0 — 


| ISDIF SDIF to SDIF pin current | Differentiator impedance must 
be set so as not to dip the 
signal for this level 


RDIF Internal differentiator i 
pull-up resistors | 
FWR _ Input voltage range to i aba 


maintain FWR voltage 
gain 


AFWR FWR Voltage Gain from 1 
FWR Input to PKA-D 
Outputs 
Servo Output Leakage i 
Current 


VCOS PKA-D Channel o 
Channel Offset 
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PACKAGE PIN DESIGNATIONS 
(Top View) 


< 
> 


2 
3 
4 
5 
6 
7 
8 
9 


vcc 


32P3010 
44-Pin SOM 


Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use 
for final design. 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other 
rights of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. 
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DESCRIPTION FEATURES 


The SSI 32P3030 is a low power pulse detector and e« Jsy only power supplies 
servo demodulator designed for use in low power 

applications requiring +5V only power supplies. This ° Wide bandwidth AGC Input amplifier 

device has a fully integrated bipolar circuit thatdetects © Fast and slow AGC attack and decay regions 
and validates amplitude peaks in the output from a disk for fast transient recovery 


drive read amplifier, as well as detecting embedded 
servo information to provide position error signals used © TEmppoded sel vocnamoiprovices ceverua 
capture and difference circults 


for read head positioning. 
Time and amplitude qualification are used to provide a * Local sampled servo AGC provided based on 


TTL compatible output that accurately duplicates the Servo burst output amplitude sum 

time position of input signal peaks. An AGC control ° Write to Read transient suppression 

loop, using a dual rate charge pump, provides a e¢ Dual mode pulse qualification with/without 
constant input amplitude for the level qualifier. Level pulse polarity hysteresis for read/servo data 
qualification with or without hysteresis can be imple- retrieval. 

mented as a fixed threshold or a constant percentage , 16 Mbit/s operation 

that tracks signal amplitude that enhances qualification 

during AGC loop transients. (Continued) 


BLOCK DIAG RAM Optimize C1/C2, C3/C4 for optimal RSRR. 


C1 C3 


——=1.2 
EXTERNAL FILTER CEX 
+6V +6V 
OUT. our- DIN- et ees eae CINe  DIF- DIF. vec: | voc2 


()%0 
vect sep 
ahi 
‘ps =| BvPs FULL WAVE RECTIFIER 
a ANDLEVEL SHIFTER 
c2 
AGN Penis ected ag ese ence eh ems semen firmer gel che ie TILED Th se thine 2 I a ee {°] BURSTA 
mange 
{) PES 
AGC MODE[] ; 
FOOT Caco c cee ene 
) ROCDZ 
ENABLE] 
RAT JF =| CURRENT \: {1 BURSTB 
& "| GENERATOR 2 ae 
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DESCRIPTION (Continued) 


The Servo Demodulator consists of two peak detector 
channels that capture rectified servo data peaks. Buff- 
ered individual channel outputs are provided along 
with a difference output. Servo channel gain can be 
controlled by a sampled AGC signal based on main- 
taining the amplitude of the sum of both channels. 


CIRCUIT OPERATION 


READ MODE (R/W pin high or open) 


In Read Mode the SSI 32P3030 is used to process 
either data or servo signals. Inthe Data Read Mode the 
input signal is amplified and qualified using an AGC 
amplifier and pulse level qualification of the detected 
signal peaks. In the Servo Read Mode the input signal 
is amplified and rectified and an error signal based on 
amplitude comparison is made available. Two servo 
burst channels are available that provide A & B burst 
levels. 


DATA READ MODE (AGCMODE pin high or open) 


An amplified head output signal is AC coupled to the 
IN+ and IN- pins of the AGC amplifier. Gain control is 
accomplished by full wave rectifying and amplifying the 
[(DIN+) - (DIN-)] voltage level and comparing it to a 
reference voltage level at the AGC1 pin. 


The SSI 32P3030 contains a dual rate attack charge 
pump. The value of the attack current is dependent on 
the instantaneous level at DIN+. For signal levels 
above 125% of the desired level a fast attack mode is 
invoked that supplies a 1.4 mA charge current to the 
network on the BYP1 pin. Between 125% and 100% of 
the desired level the circuit enters a slow attack mode 
and supplies 0.18 mA of charge current to the BYP1 
pin. This allows the AGC to rapidly recover during a 
write to read transition but reduces distortion once the 
AGC amplifier is within range. 


Two decay modes are available and are automatically 
controlled within the device. 


Upon a switch to write mode (R/W pin low), the device 
will hold the gain at its previous value, and the AGC 
input stage is switched into a low impedance state. 
When the device is then switched back to read mode 
the AGC holds the gain and stays in the low impedance 
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state for 0.9 ps. It then switches into a fast/slow attack 
mode if the new gain required is less than the previ- 
ously held gain or a fast decay mode if the gain required 
is more than its previous value. The fast decay current 
is 0.12 mA and stays on 0.9 ps. After the 0.9 ys time 
period the device stays in a steady state slow attack, 
slow decay mode. The slow decay discharge current is 


4.5 pA. 


The AGC1 pin is internally biased so that the target 
differential voltage input at DIN+ is 1.0 Vpp at nominal 
conditions. The voltage on this pin can be modified by 
tying a resistor between AGC and AGND or VCC1.A 
resistor to AGND decreases the voltage level, while a 
resistor to VCC1 increases it. The resulting AGC volt- 
age level is shown in Figure 1; 


Where: 
V = Voltage at AGC1 with pin open (2.3V, nom.) 
Rint = AGC1 pin input impedance (6.5 kQ, typ.) 
Rx = External resistor. 


The new DIN+ input target level is nominally 
(VaGcci - 0.75) « 0.64 Vpp 


The maximum AGC amplifier output swing is 2.6 Vpp 
at OUT= which allows for up to 6 dB loss in any external 
filter between OUT+ and DIN+. 


= (5— V) Rint 
VAGC1 Pint + Fix +V 


FIGURE 1: AGC Voltage 
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1191 - rev. 


AGC gain is a linear function of the BYP1/Gain-pin 
voltage (VBYP1) as shown in Figure 2. 


Gain V/V 


Slope = 140 VV 


2.5 
VBYP1 (Volts) 


FIGURE 2: AGC Gain 


The AGC amplifier has emitter follower outputs and 
can sink 4.0 mA. 


One filter for both amplitude (DIN+ input) and time 
(CIN+ input) channels, or a separate filter for each may 
be used. If two filters are used, attention must be paid 
to time delays so that each channel is timed properly. 
A multi-pole Bessel filter is typically used for its linear 
phase or constant group delay characteristics. 


Inthe amplitude channel the signal is sent to a hyster- 
esis comparator. The hysteresis threshold level is set 
so that it will be tripped only by valid signal pulses and 
not by baseband noise. It can be a fixed level or a 
fraction of the DIN+ voltage level. 


The latter approach is accomplished by using an exter- 
nal filter/network between the LEVEL and HYS pins. 
This allows setting the AGC slow attack and decay 
times slow enough to minimize time channel distortion 
and setting a shorter time constant for the hysteresis 
level. The LEVEL pin output is a rectified and amplified 
version of DIN+, 1.0 Vpp at DIN+ results in 1.0 Vop 
nominally, at the LEVEL pin. A voltage divider is used 
from LEVEL to ground to set the Hysteresis threshold 
at a percentage of the peak DIN+ voltage. Forexample, 
if DIN+ is 1.0 Vpp, then using an equal valued resistor 
divider will result in 0.5 Vop at the HYS pin. This will 
result inanominal+0.18V threshold or a36% threshold 
of a+0.5V DIN+ input. The capacitor, from the LEVEL 
pin to GND, is chosen to set an appropriate time 
constant. This “feed forward” technique speeds up 
transient recovery by allowing qualification of the input 
pulses while the AGC is still settling. This helps in the 
two critical areas of write to read and head change 
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recovery. Some care in the selection of the hysteresis 
level time constant must be exercised so as to not miss 
pattern (resolution) induced lower amplitude signals. 
Note that there is a built in 50mV threshold (ie., 10% of 
+0.5V DIN+ input) for level qualification even when the 
HYS pin is grounded. This is to prevent false triggering 
by baseband noise during a DC erase gap, (@.g., 
address mark). The output of the hysteresis compara- 
tor is the “D” input of a D-type flip-flop. The DOUT pin 
is acomparator output signal for testing purposes only. 
When testing, it requires an external 3-6 kQ pull-down 
resistor to ground. If no testing is necessary, the DOUT 
pin can be pulled up to Vcc (+5V) to save power. 


In the time channel the signal is differentiated to trans- 
form signal peaks to zero crossings which are detected 
and used to trigger a bi-directional one-shot. The one- 
shot output pulses are used as the clock input of the D 
flip-flop. The COUT pin provides the one-shot output 
for test purposes. It also requires an external 3-6 kQ 
pull down resistor for testing. 


The differentiator function is accomplished by an exter- 
nal network between the DIF+ and DIF- pins. The 
transfer function from CIN+ to the comparator input 
(not DIF+) is: 

-2000Cs 


~ LCs? +C(R+92)s41 


Where: C,L, R are external passive components 


20 pF <C < 150 pF 
S = Jw = j2nf 


During normal operation, the time channel clocks the D 
flip-flop on every positive and negative peak of the 
CIN+ input. Two qualification modes exist to determine 
peaks. The first mode, qualification with pulse polarity 
hysteresis, (ENH = High), is exactly the same as the 
qualification on the SSI 32P541. In this mode, the D 
input to the flip-flop only changes state when the DIN+ 
input exceeds the hysteresis comparator threshold 
opposite in polarity to the previous threshold exceed- 
ing peak. In the second mode, qualification without 
pulse polarity hysteresis, (ENH = Low), the polarity of 
the peaks is ignored. Inthis mode, the D input to the flip- 
flop changes state whenever the DIN+ input exceeds 
the threshold regardless of polarity. This is accom- 
plished, (see figure 3), by clocking the toggle flip-flop 
whenever the threshold is exceeded in either direction 
at the same time that the comparator detects a zero 
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Crossing. It may be advantageous to use this mode of 
pulse qualification for retrieving certain kinds of servo 
patterns. 


The time channel, then, determines signal peak timing 
and the amplitude channel determines validity by 
blocking signal peaks that do not exceed the hysteresis 
comparator threshold. The delays in each of these 
channels to the D flip-flop inputs are well matched. The 
D flip-flop output triggers a one-shot that sets the RD 
output pulse width. 


SERVO READ MODE 


A position error signal (PES) is generated based onthe 
relative amplitude of two servo signals, A and B. 
Rectified servo signal peaks are captured on hold 
Capacitors at the HOLDA/B pins. This is accomplished 
by pulling LATCHA or LATCHB low for a sample pe- 
riod. Additionally, a default hold capacitor discharge 
current of 1.5 mA can be turned on by pulling RSTA or 
RSTB low. This default 1.5 mA discharge current can 
be modified by tying a resistor between CS and GND 
or VCC1.A resistor to GND increases the discharge 
current, while a resistor to VCC1 decreases it. The 
equation for increasing the discharge current is: 


15k+Rcs 
15k «Res 
For decreasing the discharge current, the equation is: 
Res -—22.5k 
15k*Rcs 


Outputs BURSTA/B & PES are referenced to an exter- 
nal reference applied to the VREF pin. 


es=22.5V-( } Res = 15 kQ 


o5=22.5V+| } Res > 22.5 kQ 


In servo read mode (see Figure 4) the BYP2 pin is 
connected to the GAIN pin and the servo channel gain 
is determined by the read channel gain as controlled by 
the sum of the A and B amplitudes. In this case a 
current is sourced/sinked to/from the capacitor on the 
GAIN/BY P2 pinwhenever the HOLD2 pinis pulled high. 
The current magnitude and direction is determined by: 

Ic = Ka[(Ks * Vacc2) - Va(DIN)pp - Vb(DIN)pp] 
Where: 

Vaac2 = AGC2 pin voltage = 2.3V with pin open. 

Ka = 640 pA/Vpp 

Ks = 0.50 V/V 


Va/b(DIN)pp = peak to peak A or B servo pattern 
signal voltages at DIN+ 
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WRITE MODE : 


In Write Mode the SSI 32P3030 Pulse Detector section 
is disabled and preset for the following Read Mode. 
The digital circuitry is disabled, the input AGC amplifier 
gain is held at its previous value and the AGC amplifier 
input impedance is reduced to about 250Q. 


Holding the AGC amplifier gain and reducing input 
impedance shortens system Write to Read recovery 
times. 


The lowered input impedance improves settling time 
by reducing the time constant of the network between 
the SSI 32P3030 and a head preamplifier such as the 
SSI 32R1200R. Write to read timing is controlled to 
maintain the reduced impedance for 0.9 us before the 
AGC circuitry is activated. Coupling capacitors should 
be chosen with as low a value as possible consistent 
with adequate bandwidth to allow more rapid settling. 


MODE CONTROL 


The device circuit mode is controlled by the ENABLE, 
R/W, AGCMODE, HOLD1 and HOLD2 pins a shownin 
Table 1. 

DATA READ MODE 

AGC active and controlled by data, Digital section 
active. 

DATA READ MODE, HOLD 

AGC gain held constant, Digital section active. Gain 
will drift higher or lower at a rate determined by Cayp1 
and Hold mode leakage current. 

SERVO READ MODE | (See Figures 4 & 5) 

The BYP2 and GAIN pins are tied together. Read 
amplifier AGC control voltage developed from sum of 
Servo signal levels. HOLD2 is toggled to update the 
control voltage after each Servo frame. 

CALIBRATE MODE 


A low level on CALIBRATE shall force LATCHA and 
LATCHB low and RSTA and RSTB high to measure the 
offset of the entire servo BURSTA, BURSTB, and PES 
channel. | 
WRITE 

Read amplifier input impedance reduced. AGC gain 
held constant, RD stays high. 

POWER DOWN 

Circuit switched to a low current disabled mode. 
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Note: When AGCMODE is switched to a low state the voltage at the BYP1 pin will be held constant subject to Hold 
mode leakage current induced drift. So, when returning to Data Read Mode, the channel gain will be the same 
as it was prior to AGCMODE switching or slightly higher/lower. 


TABLE 1: SSI 32P3030 Circuit Mode Control 


AGC 
MODE HOLDi | HOLD2 READ PATH MODES 
1 


ea 
Threshold 


FIGURE 3: ENH Provides Two Pulse Qualification Modes. 
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READ PULSE 
QUALIFICATION 
CIRCUITRY 


SAMPLE a: 
AND HOLD 


+ 
SUMMING 
CIRCIUTRY 


FIGURE 4: Servo Read Mode 
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“oe 
VLATCHA | | 
VRSTA | | 


VLATCHB 4us Typ 
Tds3 Tds4 


VARSTB 


A CHANNEL 
DISCHARGE CURRENT 


B CHANNEL 
DISCHARGE CURRENT 


VREF +1.5V 


VBURSTA 


VREF V 


VBURSTB 
VREF +0.75 V 


VREF V 


VREF +0.75 V 


VPES VREF V 


HOLD2 
AGC AMP GAIN 


0V/V 


HOUD1 


— \e~- 200 ns Minimum —| l+— 200 ns Minimum 


AGC MODE 


FIGURE 5: Servo Read Mode 1 
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PIN DESCRIPTION 


TYPE | DESCRIPTION 


Analog (+5V) power supply for pulse detector. 
Analog ground pin for pulse detector block. 

Digital (+5V) supply pin for data synchronizer block. 
Digital ground pin. 

Analog signal input pins. 

Read path AGC Amplifier output pins. 

Analog input to the amplitude channel. 

Analog input to the time channel. 

Pins for external differentiating network. 


Test point for monitoring the flip-flop clock input, pull-down resistor 
required. 


DOUT Test point for monitoring the flip-flop D-input, pull-down resistor required. 


BYP1, BYP2 V/O An AGC timing capacitor or network is tied between each pin and GND. 
BYP1 is for read data. BYP2 is for servo data. | 


Reference input voltage for the read data AGC loop. (AGC1) and sampled 
servo AGC loop (AGC2). 


Output from fullwave rectifier that may be used for input to the hysteresis 
comparator. 


Hysteresis level setting input to the hysteresis comparator. 
TTL compatible pin that holds the AGC gain when pulled low. 


TTL compatible inputs that switch channel A or B into peak acquisition 
mode when low. 


TTL compatible input that enables the discharge of channels A & B hold 
Capacitors when held low. | 


Hold capacitor discharge current magnitude is controlled by a resistor 
rom this pin to GND or VCC1. If left open the default current is 1.5 mA. 


HOLDA, HOLDB VO Peak holding capacitors are tied from each of these pins to AGND. 
VREF Reference voltage for Servo outputs. | 

BURSTA, BURSTB Buffered hold capacitor voltage outputs. 

PES Position error signal, A minus B output. 

L compatible Read/Write control pin. A low input selects write mode. 
L compatible power up control. A low input selects a low power state. 


L compatible pin that selects the AGC loop control input. A high selects 
P1, alow selects GAIN. 


oltage at the pin may be used to control AGC gain. 


L compatible read output, a falling edge corresponds to a detected 
peak. — 


sed to measure servo offset. 


TTL compatible pulse qualification control pin. A low input selects modes 
which ignore polarity of peaks. 


VCC1 

AGND 
VCC2 
DGND 

IN+, IN— 
OUT+, OUT-— 
DIN+, DIN— 
CIN+, CIN— 
DIF+, DIF— 


AGC1, AGC2 


= 

m7 5 

< Cc 

mi 

rm = 
Oo 


= 
O 
a 
2 
= 
O 
~~ 
Ss, 
NO 


HYS 


LATCHA, LATCHB 


Y 


=] 


AGCMODE 


> 
< 


! 


_ 


©) v 
= =| 


CALIBRATE 


m 

Zz 

so 
Cc 
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ELECTRICAL SPECIFICATIONS 
Recommended conditions apply unless otherwise specified. 


ABSOLUTE MAXIMUM RATINGS 
Operation outside these rating limits may cause permanent damage to this device. 


PARAMETER RATING UNIT 


5V Supply Voltage, VCC1, VCC2 f 6B V 
Pin Voltage (Analog pins 3 to VCC1 + 3 


V 
Pin Voltage (Digital pins) 3 to VCC2 + 3 V 
or +12 mA 


Storage Temperature -65 to 150 °C 
Lead Temperature (Soldering 10 sec.) 260 CC 


RECOMMENDED OPERATING CONDITIONS 
Currents flowing into the chip are positive. 


PARAMETER CONDITIONS | MIN | NOM | MAX | UNIT 

Supply Voltage (vec, veca) | || 8 

Ambient Temperature ENABLE = High or Low | o | [| 80 | ~c | 

POWER SUPPLY 

I1VCC1,2 Supply Current Outputs unloaded; 76 mA 
ENABLE = high or open 

Pd Power dissipation Ta = 25°C, outputs unloaded | | 380 | 570 | mw | 
ENABLE = Low | 140 


LOGIC SIGNALS 
VIL Input Low Voltage 


oe 
‘Vit inputhigh Votage [SSS 


VOH Output High Voltage IOH = -400 pA 


ee a 
/—Necsoal vy 
[08 [ma 
no a 
ae 


00 | 
a 
— 
24] | 
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MODE CONTROL 


PARAMETER CONDITIONS | 


Enable to/from Disable Settling time of external 
Transition Time Capacitors not included, 
ENABLE pin high to/from low 


Read to Write Transition Time R/W pin high to low 


AGC on to/from AGC off ~ | AGC mode pin high to/from 
transition time low | 

HOLD1 ON to/from HOLD1 OFF | HOLD‘ pin high to/from low 
transition time 


HOLD2 ON to/from HOLD2 OFF | HOLD? pin high to/from low 


Write to Read R/W pin low to high 
Transition Time AGC setting not included 


READ MODE (R/W is High) 


AGC AMPLIFIER 

Unless otherwise specified, recommended operating conditions apply. Input signals are AC coupled to IN+. 
OUTz+ are loaded differentially with 800Q, and each side is loaded with < 10 pF to AGND, and AC coupled to 
DIN+. A 900 pF capacitor is connected between BYP1/BYP2 and AGND. An 1100 pF capacitor is connected 
between BYP1/BYP2 and VCC1. AGC1/AGC2 pin is open. | 


(IN+) - (IN-) = 100 mVp-p 
@ 2.5 MHz 
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AGC AMPLIFIER (continued) 
PARAMETER CONDITION 
PSRR (Input Referred) VCC1, 2 = 100 mVp-p 
@ 5 MHz, gain set to max 


(DIN+) - (DIN-) Input K2 25 mVp-p < (IN-+) - (IN-) 
Swing vs. AGC1 Input K1 < 250 mVp-p, HOLD = high, 
(DIN+) - (DIN-) = 0.5 Vp-p < (DIN+) - (DIN-) 
(Vacci-K1) °K2 <1.5 Vp-p 


25 mVp-p < (IN+) - (IN-) 
< 250 mVp-p 


(DIN+) - (DIN-) = .563 VDC, 


(DIN+) - (DIN-) = 0.8 VDC, 


Fast to Slow Attack [( DIN+ )— (DIN — )] 
Switchover Point [( DIN+ )- (DIN—)] FINAL 


Gain Decay Time (Td) (IN-+) - (IN-) = 250 mVp-p to 
125 mVp-p @ 2.5 MHz, 
(OUT+) - (OUT-) to 90% final 
value 


(IN+) - (IN-) = 50 mVp-p to 
25 mVp-p at 2.5 MHz 
(OUT+) - (OUT-) to 90% 
final value 

Gain Attack Time R/W low to high 
(IN+) - (IN-) = 250 mVp-p 
@ 2.5 MHz, (OUT+) - (OUT-) 
to 110% final value 
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HYSTERESIS COMPARATOR 
Unless otherwise specified, recommended operating conditions apply. Input (DIN+) - (DIN-) is an AC coupled, 
1.0 Vp-p, 2.5 MHz sine wave. 0.5 VDC is applied to the HYS pin. R/W pin is high. 


PARAMETER CONDITION 


| MIN 
|InputSignalRange | 
@ 2.5 MHz | 
@ 2.5 MHz 
ea 


Single-Ended Input DIN+ or DIN- 

Impedance 

Slope of Level Gain Calculated from 1 1.2 V/Vp-p 
0.6 < DIN+ < 1.5 Vppd | 


Intercept of Level Gain _ DIN+ =O Vppd 0.13 | 026 | Vi 
plevelGainSS«TSSSSS™SCS™~C«Sope + (Intercept / DIN pp) 
Level Pin Output Impedance ILEvEL = 0.2 MA 100 


[i I cl 

Output Current 

billie Ecc 
0.3V <HYS < 1.0V 


Hysteresis Gain St Slope + 
HYS Pin Current 0.3V < HYS < 1.0V 


Tracking Hysteresis | -15 
Threshold Tolerance | 
_ | DOUT Pin Output Low Voltage 5 kQ from DOUT to GND V 
-2.5 - 
DOUT Pin Output High Voltage 5 kQ from DOUT to GND Vcc 
| -2.0 - 


ACTIVE DIFFERENTIATOR | 
Unless otherwise specified, recommended operating conditions apply. Input (CIN+) - (CIN-) is an AC-coupled, 
1.0 Vp-p, 2.5 MHz sine wave. 100Q in series with 65 pF are tied from DIF+ to DIF-. 


Input Signal Range Eee ee 


Differential Input Resistance (CIN+) - (CIN-) = 100 mVp-p 
@ 2.5 MHz | 
Differential Input Capacitance (CIN+) - (CIN-) = 100 mVp-p 3.0 5.0 pF 
| @ 2.5 MHz | 
‘Ended In 


Single-Ended Input Impedance CIN+ or CIN- 


Voltage Gain From (DIF+ to DIF-) =2kQ | 
CIN+ to DIF+ , 


DIF+ to DIF- Pin Current Differentiator impedance must 
be set so as to not clip the 
signal for this current level 
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ACTIVE DIFFERENTIATOR (Continued) 
Unless otherwise specified, recommended operating conditions apply. Input (CIN+) - (CIN-) is an AC-coupled, 
1.0 Vp-p, 2.5 MHz sine wave. 1000 in series with 65 pF are tied from DIF + to DIF-. 


Fast Discharge Switch | Ous | Fast Discharge Switch | .Ous | 
| 
| 
| 


y 
ao) ee ee 
(DIN+ — DIN-) | | | 


| 
met anh a 
| | | | Fast | slow | 


Fast Slow Discharge Discharge 
Charge Charge 


| | 
| | 
| 

| 


Figure A: AGC Attack Sequence Figure B: AGC Decay Sequence 


FIGURE 6: AGC Timing Diagram 


OUTPUT DATA CHARACTERISTICS (See Figure 7) 


Unless otherwise specified, recommended operating conditions apply. Inputs (CIN+) - (CIN-) and (DIN+) - (DIN-) 
are in-place as an AC coupled, 1.0 Vp-p, 2.5 MHz sine wave. 100Q in series with 65 pF are tied from DIF + to 
DIF-. 0.5V is applied to the HYS pin. RD is loaded with a 4 kQ resistor to VCC and a 10 pF capacitor to DGND. 
ENABLE and R/W pins are high. 


PARAMETER CONDITIONS 


Td1 D Flip-Flop Set Up Minimum allowable time 
Time delay from (DIN+) - (DIN-) 
exceeding hysteresis 
point to (DIF+) - (DIF-) 
hitting a peak value. 


Ts Propagation Deley fT a 
45 
[Tas Output Pulse with a 
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+HYSTERESIS LEVEL 
V(IN+) — (CIN-) 


an 
V(DIN+) — (DIN-) 
-HYSTERESIS LEVEL 


V(DIF+) — (DIF-) 


DIFFERENTIATOR 
COMPARATOR 
OUTPUT 


VDOUT 


VCOUT ENH HIGH 


ENH LOW 


FIGURE 7: Read Mode Digital Section Timing Diagram 


SERVO SECTION (Unless otherwise specified, recommended Operating conditions apply.), LATCH A/B = 
Low, RST A/B = High, CS Pin Open 


PARAMETER CONDITIONS 


VREF Voltage Range ee oe 
VREF Pin input Impedance cg a e 


, 
I 
ves 


BURSTA/B pin Output 
Voltage vs (DIN+) — (DIN-) 


LATCHA/B = Low 


VeurRSsTA/B— VREF 
(DIN+)—(DIN—) 


=1.5V/Vp—p 
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SERVO SECTION (Continued) 


PARAMETER CONDITIONS 


UNIT 


BURSTA/B Output I(HOLDA) = (HOLDB) =-20 pA, 
LATCHA, B = Low 
Offset Voltage CS pin open 


+ 
VCC 
+ 
+ 
1 
1 


Veurst - VREF (DIN+) = (DIN-) 


BURSTA - BURSTB Output LATCHA/B = low 
Offset Match (DIN+) = (DIN-) 
V 


pp 


Maximum PES Pin Output Controlled by AGC2 

Voltage 

PES Pin Output Offset Voltage Vees - VREF, (DIN+) = (DIN-) 
LATCHA/B = Low 

Output Resistance, BURSTA/B & | ILoap + 500 LA 

PES pins 


HOLDAV/B Discharge RSTA/B = Low 
Current Tolerance CS pin open 


ee ae 
LATCHAVB = High 
| 0.2 


par 
oT 


Hold A/B Charge Current LATCHA/B = Low 


m 
15 m 
1-1.5 
15 m 
Q 
m 
, 
0.2 
Load Resistance Resistors to GND k 
BURSTA/B, PES pins 
20 p 
LATCHA‘SB pin set up time (Tds1 in Figure 5) 
50 
50 
7 
5 


Load Capacitance 
BURSTA/B, PES pins 


LATCHA/B pin Hold Time (Tds2 in Figure 5) 


Channel A/B Discharge (Tds3 in Figure 5) 
Current Turn On time 

Channel A/B discharge (Tds4 in Figure 5) 
Current Turn Off time 

BYP2 Pin Leakage Current HOLD2 = Low 
BYP2 Pin Charge/Discharge Ks, HOLD2 = High 
Current 


Ic = Ka[(Ks * Vacca) — Ks, HOLD2 = High 


0. V 
VA(DIN)pp - VB(DIN)pp]} 
Maximum BYP2 pin 450 
charge/discharge current 
VPES pp vs. VaGc2 VPES pp/VaGc2 Vpp/V 


VPES pp Swing 2.4 3.6. Vpp 
AGC2 = Open 


+0.2 


} 


V 
V 
15 V 
A 
A 
Q 
F 
50 
50 
00 
4 N 


<s o>) 
te) =) 
o| 
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PACKAGE PIN DESIGNATION 
(Top View) for a static sensitive component. 


ee rc + $ ’ < 7D 
e- + + ‘ ‘ O + ‘1 5 + 3 2 3 E E 8 + ul 
ZZ222z ZzZ2z22 wu 
3 3 Oo a00a4 b E g = = 3 oS56068 <ao ? 
=a a) -m Be ae a ani au: (ea) 20 es el 
NC []1 39 |] HYS 
AGND []7 O 39[] HYS 
AGND [j2 38 [] LEVEL 
GAIN [] 9 37 {] ENH GAIN [] 4 36 [] DOUT 


IN+ [] 10 36 [] DOUT NC [] 5 35 [] NC 
IN- [7] 11 35 [] HOLDA IN+ [] 6 34 [] HOLDA 


NC [12 341 HOLDB IN- [| 7 33 [] HOLDB 
32 cs 
vcoc1 [] 13 3311CS wees [] & H 
—— HOLD? [} 9 31 {] DGND 
2 32 [] DGND 
- ENABLE [] 10 30 [] LATCHA 
ENABLE [J 15 31 [] LTATCHA CALTSRATE (111 29 |] LATCHES 
CALIBRATE 30 [] CATCH HOLDT [12 28 {] RD 
HOLT 291 RD NC []13 27 1] NC 
2 23 a oo ae elias C_} Ct} CC = am (J 
a= = = = Ld ma Ld a = Ld 
O w N <q mOnu NWE YQ 
HESS P EE SAS g eee Eee PRR e es? 
Q oe $5 2@$ 8 3 BB 
3 am O 
6 oOo mam < 
< 
44-Pin PLCC 52-Pin QFP 


THERMAL CHARACTERISTICS: 6ja 


ORDERING INFORMATION 


PART DESCRIPTION ORDER NO. | PKG.MARK 


SSI 32P3030 44-Pin PLCC 32P3030-CH 32P3030-CH 
SSI 32P3030 52-Pin QFP 32P3030-CG 32P3030-CG 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 
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DESCRIPTION 


The SSI! 32P3040 is a bipolar integrated circuit that 
provides all data processing necessary for detection 
and qualification of encoded read signals. The circuit 
will handle a data rate of 24 Mbit/s. 


In read mode the SSI 32P3040 provides amplification 
and qualification of head preamplifier outputs. Pulse 
qualification is accomplished using level qualification 
of differentiated input zero crossings. An AGC ampli- 
fier is used to compensate for variations in head 
preamp output levels, presenting a constant input level 
to the pulse qualification circuitry. The AGC loop can 
be disabled so that a constant gain can be used for 
embedded servo decoding or other processing needs. 


Write to read transient recovery is enhanced by provid- 
ing AGC input impedance switching and a selectable 
Fast Recovery mode that provides a higher decay 
current. 


Additionally, the SSI 32P3040 contains an integrated 
programmable electronic filter with cutoff frequencies 
between 2.5 and 13 MHz. High frequency boost (for 
pulse slimming) of up to +9db is also provided. The SSI 
32P3040 requires only a +5V power supply and is 
available in a 36-pin SOM package. 
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Preliminary Data 
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FEATURES 


¢ Compatible with 24 Mbit/s data rate operation 
¢ Fast attack/decay modes for rapid AGC recovery 


¢ Dual rate charge pump for fast transient recov- 
ery charge pump currents track programmable 
channel bandwidth 


e Lowdrift AGC hold, fast AGC recovery, and low 
AGC input impedance control signals. Circultry 
supports programmable gain non-AGC operation 


¢ Temperature compensated, exponential con- 
trol AGC 


e Precision wide bandwidth fullwave rectifier 


¢ Supports programmable pulse slimming equal- 
ization and programmable channel filter and 
differentiator with no external filter components 


e +2% Filter group delay variation from .3FCtoFC 
¢ Servo burst output available 


¢ Differential hysteresis qualifier comparator to 
ease clock channel timing 


¢ Accurate feed forward or fixed threshold set 


BLOCK DIAGRAM 


VOA+ VOA- IN- | IN+ O04 OD-| ON+; ON- 


“| Programmable 
Equalizer 
Fitter 
VIA- 4 a Pours 


“SSS Sa a poe pe Poe pe ph 
HOLD =PWR (AGC) (DCHG) SERVO LEVEL 


A VCA 


ON | OP | CN | CP 


+5V 


1] RDX 


DOUT 


vo gw me 
DGND2 
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FEATURES (continued) 

* 1s max pulse pairing with sine wave input 
. © § mW low power idle mode 

° TTL read data output 


°*  +5V only operation 
* 36-pin SOM package 


FUNCTIONAL DESCRIPTION 


The SSI 32P3040 Pulse Detector is designed to sup- 
port a 24 Mbit/s data rate. The signal processing 
circuits include a wide band variable gain amplifier, a 
programmable electronic filter, differentiator and pulse 
slimming equalizer, a precision wide bandwidth 
fullwave rectifier, and a dual rate charge pump. A fully 
differential filter, differentiator, equalizer, and fullwave 
rectifier are provided to minimize external noise pick- 
up. To optimize recovery for constant density record- 
ing, the AGC charge pump current tracks the program- 
mable filter current IFl. The differentiator zero tracks 
the programmable filter cutoff frequency. Thus in 
constant density recording applications, an approxi- 
mately constant differentiated signal: amplitude is 
maintained. The desired filter response and equaliza- 
tion are easily programmed with the SSI 32D4661, 
Time Base Generator DACs. A dual rate attack charge 


pump and a Fast Decay mode are included for fast — 


transient recovery. At maximum IF I current, the normal 
AGC attack current is .18 mA. When the signal ex- 
ceeds 125% of the nominal signal level, the attack 
Current is increased by afactorof 7. The nominal decay 
current at max IFI is 4uA. The decay current is 
increased 20 times when inthe fast decay mode. Inthis 
mode, transients that produce low gain will recover 
more rapidly with the fast decay current, while tran- 
sients that produce high gain will put the circuit in the 
fast attack recovery mode. The decay modes are 
automatically controlled within the device. When R/W 
is low, the AGC is in its hold mode and its input 
impedance is switched low. When R/W is switched 
high, the AGC remains in the hold and low input 
impedance state for .7 us and then switches to the fast 
decay mode for .7us. The AGC amplifier input imped- 
ance is reduced to allow quick recovery of the AGC 
amplifier input AC coupling capacitors. When the 
HOLD input is low, the AGC action is stopped and the 
AGC amplifier gain is set by the voltage at the BYP pin. 
In most applications, the BYP pin voltage is stored on 


2-144 


an external capacitor when HOLD goes low. In appli- 
cations where AGC action is not desired, the BYP 
voltage can be set by a resistor divider network con- 
nected from VCC to VRC. If a programmable gain is 
desired, the resistor network could be driven by a 
current DAC. The precision fullwave rectifier produces 
an accurate Level and Servo output signal. These 
outputs are referenced to the reference voltage VRC. 
SERVO and LEVEL are buffered open emitter outputs 
with 100 ohm series current limiting resistors. These 
outputs could be further filtered with external capaci- 
tors. 


LEVEL has an internal 50 A discharge current source. 
An optional Servo output capacitor discharge circuit 
can be included. An external resistor connected to the 
RX pin sets the electronic filter reference current which 
is the source from pin IFO. If a programmable fre- 
quency response is desired, a portion of the current 
from IFO, which is proportional to absolute tempera- 
ture, must be injected into pin IFl. This could be 
accomplished by a current DAC. Some frequency 
response programming may be accomplished by con- 
necting IFO to IFI and switching different resistors to 
pin RX. Frequency boost is accomplished by varying 
the voltage at VBP. VBP has a nominal 100 mV built- 
in offset so that the circuit has 0 dB boost for VBP below 
100 mV. The voltage at VBP should be proportional to 
the reference voltage at pin VRG. 


A differential comparator with floating hysteresis 
threshold allows differential signal qualification for 
noise rejection. An accurate feed forward qualification 
level is generated by comparing the difference be- 
tween LEVEL and VRC. VRC is referenced to VCA. 
Thus with the VTH resistor network connected from 
VCA to VRC, an accurate fixed threshold can be 
established. The threshold is clamped to a minimum 
value of 50 mV. Thus a qualified signal must exceed 
this minimum level even when the VTH_VRC voltage 
is zero. A qualified signal zero crossing triggers the 
output one shot. The one shot period is set internally. 
Low level differential outputs are provided for high 
speed operation and to minimize noise generation. 
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PIN DESCRIPTION 


INPUT PINS 


TYPE DESCRIPTION 
VIA+, VIA- AGC Amplifier input pins. 
IN+, IN- Equalizer/filter input pins. 


[aaeeel alae 

Eells! i 

ae Data inputs to data comparators and fullwave rectifier. 
CP, CN ae Differentiated data inputs to the clock comparator. 


TTLcompatible input when high puts the circuit in its normal operating mode. 
TTL compatible input when low disables the AGC action by turning off the 
charge pump. 
Optional TTL compatible input pin when low produces a discharge current 
at the SERVO pin. Not available in 36 pin SO package. 


AGC amplifier output pins. 
Equalizer/filter normal output pins. 
Equalizer/filter differentiated output pins. 


Test point for monitoring the data F/F D-input. Usage requires an external 
2.4K resistor from DOUT to GND. 


Test points for monitoring the data F/F clock inputs. Usage requires an 
external 2.4K resistor from DOUT to GND. 


TTL compatible read data output pins. 
Open NPN emitter output that provides a fullwave rectified signal forthe VTH 
input. The signal is referenced to VRC. 
Open NPN emitter output that provides a fullwave rectified servo signal. The 
signal is referenced to VRC. 

ANALOG PINS 

VRC Reference voltage pin for SERVO and LEVEL. VRC is referenced to VCA. 
RG 


V Reference voltage pin for the programmable filter. VRG is referenced to 
ground. 


The equalizer high frequency boost is set by an external voltage applied to 
this pin. VBP must be proportional to VRG. Programmable boost is 
implemented by using a DAC that uses VRGas its reference. Afixed amount 
of boost can be set by an external resistor divide network connected from 
VBP to VRG and GND. 


Pin to set filter reference current. External resistor Rx from this pin to ground 
sets the filter reference current IFO. 


Reference current output pin. The reference current is normally supplied 
as the reference current to a current DAC which generates the program- 
mable input current for the IFI pin. 


es 
a 
a 


OUTPUT PINS 
VOA+, VOA- 
ON+, ON- 
OD+, OD- 
DOUT 


LEVEL 


SERVO 


eo) 
O 
c 
+ 


i ik 
x< Ww 
a 


IFO 
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PIN DESCRIPTION (Continued) 
ANALOG PINS (Continued) 


TYPE | DESCRIPTION | 


Programmable filter input current pin. The filter cutoff frequency is proportional 
to the current into this pin. The current must be proportional to the reference 
current out of IFO. A fixed filter cutoff frequency is generated by connecting 
IFO to IFI and selecting Rx to set the desired frequency. 


Optional reference voltage input for the AGC. The reference voltage is nor- 
mally set by an internal resistor divider for VCC to VRC. (Not available in 36 
pin SO package). | 

The AGC integrating capacitor Ca is connected between BYP and VCA. 


Analog and Digital +5 volts. 


Analog and Digital grounds. | 


ELECTRICAL SPECIFICATIONS 
Unless otherwise specified, 4.65<VCC<5.25, 0°C<Ta<70°C 


ABSOLUTE MAXIMUM RATINGS (Operation above maximum ratings may damage the device.) 


Siorage Temperate 
Junction Operating Temperature, Tj 


POWER SUPPLY | 


[PARAMETER | conpmions ‘YT win | now | wax 
ISS | Supply Voltage Current | Activemode = | S| 80 
lau Eee (= eee omer 1 | {| ma 
lal ne ee 
ae aaa 


eel 
= 


VCA, VCD,VCD2 


Power Dissipation 


| Low-Power mode ak 


RECOMMENDED OPERATING CONDITIONS 


PARAMETER | RATING UNIT 
Supply Voltage VCA = VCD = VCC 4.65<VCC<5.25 
Ambient Temperature, Ta 0<Ta</0 
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LOGIC SIGNALS 


AGC AMPLIFIER 

The input signals are AC coupled to VIA+ and VIA-. VOA+ and VOA- are AC coupled to IN+ and IN-. ON+ and 
ON- are AC coupled to DP and DN. Ca 1000 pF. Fin = 4 MHz. Unless otherwise specified, the output is 
measured differentially at VOA+ and VOA-, Fin = 4 MHz and filter boost at Fc = OdB. 


vi Input Range 
VDPN DP-DN voltage 


NO 


AS 
© 


ZIN Input Impedance 


ZCMIN Common Mode R/W = high 
Input Impedance R/W = low 


VOS Output Offset Voltage Over gain range 
Variation 


250 


VINO Input Noise Voltage gain = max, filter not 
connected to VOA+, VOA-, 
Rs = 00 


BW Bandwidth 


& i NR 
=) 


io) 


TGD Gain Decay Time VIA+ VIA- = 240 mV to 120 mV 
VOA+ VOA- >0.9 Final Value 
BYP >, 1000 pF 


TGA Gain Attack Time VIA+ VIA- = 120 mV to 240 mV 
VOA+ VOA- <1.1 Final Value 
BYP 2, 1000 pF 
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ELECTRICAL SPECIFICATIONS (continued) 
Unless otherwise specified, 4.65<VCC<5.25, 0°C<Ta<70°C 


AGC CONTROL 
The input signals are AC coupled to DP and DN. Ca = 1000 pF, LEVEL load = 50 A, SERVO load = 100 pA. 
PARAMETER CONDITIONS UNIT 


VDI___DP-DNSignal nputRange | 
1 ALO Level (Servo) Output Gain] DP-DN = .5 to 1 Vpp ; 


BWL Level (Servo) Output Bandwidth} 1 dB 
VLO Level Offset Voltage Output-VRC, IL = 50 pA 


VSO Servo Offset Voltage Output - VRC, IL = 100 LA 


ZLS _Level (Servo) Output Impedance} IL = 100 pA | 


IDF Fast Discharge Current 0.7 to 1.4 us after R/Wgoes | 
high 


DP-DN = 1.35 Vpp — 
Current | 


ICH — Charge Pump Attack Current 


ICHF Charge Pump Fast Attack 


ro) ~ 
_ ND 
o 
— 
"oO 
— oO 
=< 
3 
> 


ee 
p27 V2, 
|IVRC Output Drive | Lm 
eee eater ae 
ae 


VAGC Pin Voltage 


EQUALIZER/FILTER The input signals are AC coupled to IN+ and IN-. 


— 


< 

»s) 

') 

ep) 

re) 

c 

re) 

© 

'?) 

c 

3 

© 

= 

aa “I 
or 


IFO = Vrx/Rx 


fe Filter Cutoff Frequency 22.5MHz 13.5 MHz 
fc=———— (IF) 
mA 
IFl = 0.11 to .6 mA, TA = 25°C 
VRX PTAT Reference Current | TA = 25°C 750 mV 
Set Output Voltage IRX=0-0.6mA 
Rx > 1.25 kQ 
IFOR PTAT Reference Current | TA = 25°C 0.11 mA | 
Output Current Range 1.25 kQ < Rx < 6.8 kQ | 
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EQUALIZER/FILTER (continued) 


PARAMETER CONDITIONS | MIN | 


IFIR PTAT Programming TA = 25°C, Vax = 750 mV 0.11 
Current Range 


io) 


DD 
G) 


VBPR_ Input Voltage Range 


IBP Input Bias Current 


FCA 
AO [(ON+)-(ON-)/{(IN+)-(IN-)] 
Normal Gain 
AD [(OD+)-(OD-)}/{(IN+)-(IN-)] 
Diff Gain 


= 

ae 

= 

FB Frequency Boost at FC FB = 20 log [1.884(VBP-.1) ey 3 

/VR+1] VBP -0.1>0 

ca 

= 

a 

oe 

a 


Fitter FC Accuracy 


1.6 


+] + 
Ml =a 
°. 
ee 


TGD Group Delay Variation 0.3 FC to FC = 13.5 MHz 
FB =0to9dB 


VOO _ Output Offset Voltage Variation over entire gain range 


VOF _ Filter Output Dynamic Range | THD = 1.5% max 1.5 
F = 0.67 FC 
RINF Fiterinput Resistance | | 8.0 


CINF _ Filter Input Capacitance Fo od 


RO Filter Output Resistance | |O=0.5 mA 
IFOD Filter Output Drive Current 


VNN _ Eout Output Noise Voltage] BW = 100 MHz, Rs = 50Q 
IFl = 0.8 mA, VBP = 0 


2.2 
BW = 100 MHz, Rs = 50Q 
IFl = 0.8 mA, VBP = VRG 


70 


oe) 
aN 


VND _ Eout Output Noise Voltage 
OD+ OD- 


BW = 100 MHz, Rs = 50Q 5.4 


BW = 100 MHz, Rs = 50Q 
IF! = 0.8 mA, VBP = VRG 
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DATA COMPARATOR 
The input signals are AC coupled to DP and DN. 


[oR _DP-DNSgnalRange [SS 
FRING Diterental input Ressmace |S 
FeINDC Diterental input Capactance] 


TPDDC Propagation Delay To DO+, DO- 


ITH VTH Input Bias Current 
DOUTSS DOUT Signal Swing 2.4K from DOUT to GND 


CLOCKING 
The input signals are AC coupled to CP and CN. 


CR_CP-CNSignalRange | 
RINCL Differential Input Resistance Bd manual 


DP-DN threshold to 
CP-CN zero cross 
Vs = 1Vpp, F = 2.5 MHz 
[ROPW Output Pulse Wisth | Measuredat .avieve | 10 | | 33 
[cOuTS Signal Swing | 24Ktromcouroand [| os | | V _ 
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PACKAGE PIN DESIGNATIONS 
(Top View) 


CAUTION: Use handling procedures necessary 
36-Pin SOM for a static sensitive component. 


ORDERING INFORMATION 


PART DESCRIPTION ORDER NO. | PKG.MARK | 


SSI 32P3040 
36-Pin Small Outline 


32P3040-CM 32P3040-CM 


Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations 
and are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other 
rights of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. 
Silicon Systems reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to 
verify that the data sheet is current before placing orders. 


Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 
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DESCRIPTION 


The SSI 32F8000 Programmable Electronic Filter 
provides an electronically controlled low-pass filter 
with a separate differentiated low—pass output. A seven— 
pole, low-pass filter is provided along with a single- 
pole, single-zero differentiator. Both outputs have 
matched delays. The delay matching is unaffected by 
any amount of programmed equalization or bandwidth. 
This programability combined with low group delay 
variation makes the SSI 32F8000 ideal for use in 
constant density recording applications. Pulse slimming 
equalization is accomplished by a two-pole, low—pass 
with a two—pole, high-pass feed forward section to 
provide complimentary real axis zeros. A variable 
attenuator is used to program the zero locations. 


The SSI 32F8000 programmable equalization and 
bandwidth characteristics can be controlled by exter- 
nal DACs. Fixed characteristics are easily accom- 
plished with three external resistors, in addition equali- 
zation can be switched in or out by a logic signal. 


The SSI 32F8000 requires only a +5V supply and is 
available in 16-pin DIP, SON, and SOL packages. 


BLOCK DIAGRAM 


Control 
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Low-Power Programmable 
Electronic Filter 


Advance Information 


November 1991 


FEATURES 


ideal for multi-rate systems applications 


Programmable filter cutoff frequency 
(fc = 9 to 27 MHz) 


Programmable pulse slimming equalization 
(0 to 13 dB boost at the filter cutoff 
frequency) 


Matched normal and differentiated low-pass 
outputs 


Differential filter input and outputs 
+10% cutoff frequency accuracy 


+2% maximum group delay variation from 
9 - 27 MHz 


Total harmonic distortion less than 1.5% 
No external filter components required 
+5V only operation 

16-pin DIP, SON, and SOL package 


PIN DIAGRAM 


Iso [] 1 
VO_NORM- [} 2 
VO_NORM+ [] 3 

vcc [] 4 

VIN- [] 5 

VIN+ [] 6 
Ist [] 7 
FBST [| 8 


16 || VO_DIFF+ 
15 |} VO_DIFF- 
14 |] PWRON 
13 [| VR 

12 |] RX 

11 [J IFO 

10 [| IFI 

9 || GND 


PWRON 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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FUNCTIONAL DESCRIPTION 


The SSI 32F8000 is a high performance program- 
mable electronic filter. It features a 7-pole 0.05° 
equiripple linear phase filter with matched normal and 
differentiated outputs. 


CUTOFF FREQUENCY PROGRAMMING 


The cutoff frequency, fc, of the SSI 32F8000 is defined 
as the -3dB filter bandwidth with no magnitude equal- 
ization applied, and is programmable from 9 MHz to 27 
MHz. 


The cutoff frequency is programmabie with 3 pins: 
RX, IFO and IFI. At the RX pin, an external resistor 
to ground establishes the IFO reference current, 
0.75 ss 
IFO = RX ;at T = 27°C. 

IF! should be made proportional to IFO for temperature 
stability. The cutoff frequency is related to the RX 
resistor, IFO and IFI currents as the following: 


: IFI 1.25 
fc(MHz) = 27 x —— FO * Rx (KO) 


The voltage at the RX pin is a proportional to absolute 
temperature reference voltage, which is ~ 750 mV @ T 
= 27°C. The IFO output is a current source output, thus 
has high output impedance. The IFI input can be 
modeled as a diode in series with a 1.2 kQ resistor. 


Fora fixed cutoff frequency setting, IFO and IFI can be 
tied together. The cutoff frequency equation then re- 
duces to: 105 


Rx (kQ) 


For programmable cutoff frequency, an external cur- 
rent DAC can be used. IFO should be the reference 
current into the DAC. The DAC output current drives 
IF1, which is then proportional to the IFO. The DACF in 
the SSI 32D4661 Time Base Generator is designed to 
control fc of the Silicon Systems programmable filters. 
When the DACF, which has a 4X gain from its 
reference to fullscale output, is used, a5kQ RX is used. 
fc is then given as follows: 
F_Code 


fe(MHz) =27 x= 


where F_Code is the decimal code equivalent to the 7- 
bit digital input for the DACF. 


fc(MHz) = 27x 


MAGNITUDE EQUALIZATION PROGRAMMING 


The magnitude equalization, measured in GB, is the 
amount of high frequency peaking at the cutoff fre- 
quency relative to the original -3 dB point. Forexample, 
when 12 dB boost is applied, the magnitude eepolee 
peaks up 9 dB above the DC pain. 


The magnitude equalization is programmable with two 
pins: ISO and ISI. ISO is a reference current which is 
proportional to the absolute temperature and on-chip 
resistance, 600 pA typicaly at T=27°C. The input at the 
ISI pin determines the amount of high frequency boost. 
The boost function is as follows: 


Boost (08) = 20 10g; [3.46 (—— te 


ISO 
The ISO output is a current source output, thus has 
high output impedance. The ISI input has low input 
impedance and is biased at the bandgap voltage 
reference, VR. 


)+ 1]. 


For a fixed boost setting, one can set a current divider 
from ISO to ISI and VR. When two resistors of equal 
value are connected from ISO to ISI and ISO to VR, the 
ISO current is then divided equally into ISi and VR. For 
programmable equalization, an external current DAC 
canbeused. ISO shouldbe the reference current to the 
DAC. The DAC output current is then proportional to 
ISO. 


For SSI 32F8000, the equalization function can be 
disabled when FBST is pulled to logic 0. 


POWER ON / OFF 


The SSI 32F8000 supports a power down mode for 
minimal idle dissipation. When PWRON is pulled upto 
logic 1, the device is in normal operation mode. When 
PWRON is pulled down to logic 0, or left open, the 
device is in the power down mode. 
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PIN DESCRIPTIONS 


[NAME _| DESCRIPTION 
VIN+, VIN- DIFFERENTIAL SIGNAL INPUTS. The input signals must be AC coupled to these pins. 


VO_NORM+, DIFFERENTIAL NORMAL OUTPUTS. The output signals must be AC coupled to 

VO_NORM- the load. 

VO_DIFF+ DIFFERENTIAL DIFFERENTIATED OUTPUTS. These outputs should be AC coupled to 

VO_DIFF- the load also, to eliminate DC offsets. 

PTAT REFERENCE CURRENT SET. PTAT (proportional to absolute temperature) 

reference current IFO is equivalent to the current set on this pin by a resistor to GND. 
FREQUENCY PROGRAM INPUT. The filter cutoff frequency FC, is set by an external 


current IF I, injected into this pin. IFl must be proportional to current IFO. This current can 
be set with an external current generator such as a DAC, referenced to IFO. 


FREQUENCY BOOST PROGRAM INPUT. The slimmer high frequency boost is set by an 
external current applied to this pin. ISI must be proportional to ISO. A fixed amount of boost 
can be set by an external resistor divider network connected from ISO to VR and ISI. No 


PTAT CURRENT REFERENCE OUTPUT. This pin ouputs a PTAT reference current 
which is externally scaled for control input into IFI. 


boost is applied if the FBST pin is grounded, or at logic low. Visi = VR 


R 
IF I 
IFO 
ISI 
ISO CURRENT REFERENCE OUTPUT. This pin outputs a reference current which can be 
scaled by diverting current to pin VR. This current is used to control frequency boost via 
C 


connection to pin ISI. 


FBST FREQUENCY BOOST. A high logic level or open input enables the frequency boost 
Circuitry. 


X 
PWRON POWER ON. A high logic level circuit enables the chip. A low level or open pin puts the 
chip in a low power state. 
REFERENCE VOLTAGE. Internally generated reference voltage. 
+5 VOLT SUPPLY. 
N 


V 


ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may damage the device. 


[PARAMETER SS~“~*~*~*~*~*~SSCSRATINGS 
Supply Votage, Vcc SSCSC~<“~*~“~*~‘“*~*~dtCS*‘“<~« TP 
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RECOMMENDED OPERATING CONDITIONS 


PARAMETER RATINGS 


ELECTRICAL CHARACTERISTICS 
Unless otherwise specified recommended operating conditions apply. 


PARAMETER CONDITIONS a 


Power Supply Characteristics 


ICC Power Supply Current PWRON = 0.8V 
ICC Power Supply Current PWRON 22.2V- 


> 


3 


3 3 


PD Power Dissipation PWRON 2 2.2V, VCC = 5.0V 
PWRON 2 2.2V, VCC = 5.5V 


3 
= 


DC Characteristics 


VIL LowLevelinputVoltage | | 
JH High Level input Current | ViIW=2.7V 


Filter Characteristics 


*fo _- Filter Cutoff Frequency 45 MHz 
‘(f-3dB) ie 


—— (IF) 


IFI = 0.2 to 0.6 mA, Ta = 25°C 


FCA Filter fc Accuracy fco=18MHz | —10. 
AO VO_NORM Diff Gain F = 0.67 fc, FB =0 dB 


iSI 
F =2 46, —— 
B(db)= 20 log 3 (= 


TGDO Group Delay Variation fc =27 MHz, ISI = OmA 
Without Boost F = 0.2 fcto fc 


fc =9 MHz - 27 MHz 
F = 0.2 fcto fc, ISi!=OmA 


fc = 9 MHz - 27 MHz, ISI = OmA 
F= fcto 1.75 fc 
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ELECTRICAL CHARACTERISTICS, (Continued) 
Unless otherwise specified recommended operating conditions apply. 


|PARAMETER | conpivions =| MIN, | Nom | max |_ UNITS _ 


Filter Characteristics, continued 


TGDB Group Delay Variation fc = 27 MHz, ISI = ISO 

With Boost F = 0.2 fcto fc 
fc =9 MHz - 27 MHz —2 
F = 0.2 fcto fc, ISI = ISO 
fc = 9 MHz - 27 MHz, ISI = ISO -3 
F = fcto 1.75 fc 


VIF Filter Input Dynamic Range THD = 1% max, F = 0.67 fc | 10 { | [| Vpp 
VOF Filter Output Dynamic Range | THD = 1% max, F = 0.67 fc 1.0 Vpp 
Rioap = 1kQ 

RIN Filter Diff InputResistance | == Ct kK 

EOUT Output Noise Voltage BW = 100 MHz, Rs = 50 3.6 mVRms 
Differentiated Output fc = 27 MHz, ISI = OmA 

EOUT Output Noise Voltage BW = 100 MHz, Rs = 50Q 2.2 mVRms 
Normal Output fc = 27 MHz, ISI|=OmA 

EOUT Output Noise Voltage BW = 100 MHz, Rs = 50Q 5.8 mVRms 
Differentiated Output fc = 27 MHz, ISI = ISO 

EOUT Output Noise Voltage BW = 100 MHz, Rs = 50Q 2.9 mVRms 
Normal Output fc = 27 MHz, ISI = ISO 

(Ox Filter Output Source Current | ———=SC~C~S~‘—~S~S~s OTST Sid Sm 

RO Filter Output Resistance lO+ = 1.0 MA Q 
(Single ended) 

Filter Control Characteristics 

VR Reference Voltage fee ae we eee 


= 
< 


V PTAT Reference Current TA = 25°C 750 
Set Output Voltage IRX =0-0.6mA 
Rx > 1.25 kQ 


R 
RX 
IFO PTAT Reference Current, TA = 25°C 0.15 
Output Current Range 1.25 kQ < Rx <5.0 kQ 
IFO = VRX/Rx 
VRX = 750 mV 


i 


R@IFO IFO Output Impedance ie Se ed 
V@IFO IFO Voltage Compliance | 


IFI PTAT Programming TA = 25°C, VRX = 750 mV 0 
Current Range 


A 
F 
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ELECTRICAL CHARACTERISTICS, (Continued) 
Unless otherwise specified recommended operating conditions apply. 


PARAMETER |conpiions | MIN, | NOM | MAX | UNITS 


Programming 
Current Range 


R@ISI ISI Input Impedance 


10 dB/div 


fc = 27 MHz; 13 dB Boos 


| 
= 27 MHz; 0 dB Boost HEL INTNIA 
NIN 


FIGURE 1: 32F8000 Normal Low Pass Response 
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ea eee al 


10 dB/div. 


a | KX 
— 


AN fc = 9 MHz; 13 dB Boost wih 


() fc =27 MHz; 0 dB Boost 
fc = 27 MHz; 13 dB Boost 


1ns/div. 


es 
ahead 


7.5 MHz/div. 


FIGURE 3: 32F8000 Group Delay Response with fc = 27 MHz 
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32F8000 Rise 


| VO_DIFF+ 
| VO_DIFF- 
| | PWR_ON 


VRX = 750 mV @25°C 

IFO = VRX/Rx 

IFl range: 0.2 mA to 0.6 mA @25°C 
(9 to 27 MHz no boost) 


Fixed frequency programming is accomplished as shown inthe drawing above. 
Inthis case IFI (programming current) is equivalent to IFO (reference current). 
Programming current is then set by VRX/Rx. 
1.e@.: fc = 27 MHz then 

IFl = IFO = 0.6 mA @25°C 

Rx = 750 mV/0.6 mA = 1.25 kQ 
Fixed boost programming is also accomplished as shown above. In this case 


ISI (programming current) is set by a current divider, where excess current is 


i.@.: boost = 9 dB then, 
ISI/ISO = 0.5255 9 dB = 20 log [3.46 (0.5255) + 1] 


Care should be taken that (Inigo * Riga) OF (Ipisy * Risy) 
do not exceed (Visg Max - Vig). | 


FIGURE 4: 32F8000 Applications Setup 


3-8 . 1191 - rev. 


SSI 32F8000 
Low-Power Programmable 
Electronic Filter 


1.31703 2.95139 5.37034 
S24 S 1.68495 + 1.31703 $24.8 1.54203 + 2.95139 S24 S 1.4558 + 5.37034 
; -KS2 ‘ __ Ss 
S + 0.86133 


$24 S 1.68495 + 1.31703 


Normalized for We = (21) fc = 1 

AN and AD are adjusted for unity gain (0 dB) at F = 0.67 fc 
Denormalize the frequency by substituting S > (S/2xfc) 

Eq for fc = 27 MHz, S = S/ [(2x)(27 x 10°)] 


FIGURE 5: 32F8000 Normalized Block Diagram 


TABLE 1: 32F8000 Frequency Boost Calculations 


Assuming 13 dB boost for ISO = ISI Boost ISI/ISO Boost ISIISO 


Asi a (10(FB/20)) _ 4 
ISO ~ 3.46 


or, 


IS! 2.581 dB 9.760 dB 
boost indB = 20 log[3.46 (=) 1 4.568 dB 10.686 dB 
6.184 dB 11.522 dB 

7.546 dB 12.285 dB 

8.723 dB 13 dB 


TABLE 2: Calculations 


Typical change in f-3 dB point 
with boost 


Notes: 1. fc is the original programmed cutoff frequency with no boost 
2. f-3 dB is the new -3 dB value with boost implemented 


i.e., fC =9 MHz when boost = 0 dB 
if boost is programmed to 5 dB then f-3 dB = 19.17 MHz 
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PACKAGE PIN DESIGNATION | THERMAL CHARACTERISTICS: 6ja 
(Top View) 


16-lead SON (150 ‘mil 105°C/W - 


16-lead SOL (300 mil) 100°C/W 
16-lead PDIP | 170°C/W 


ISO |} 1 16 || VO_DIFF+ 
15 |} VO_DIFF- 
VO_NORM+ {|} 3 14 |} PWRON 

VCC |} 4 13 |] VR 

VIN- |} 5 12 || RX 

VIN+ [| 6 11 |] IFO 

ISI [| 7 10 {| IFI 
FBST [| 8 9 || GND 


32F8000 
16-pin DIP, SON, SOL 


Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for 
final design. 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 


Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 


©1990 Silicon Systems, Inc. 3-10 1191 - rev. 
Patent Pending 497, 863 / 500, 778/710, 512 


A TDK Group f Company 
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DESCRIPTION 


The SSI 32F8011/8012 Programmable Electronic 
Filter provides an electronically controlled low-pass 
filter with a separate differentiated low—pass output. 
Aseven—pole, Besseltype, low-pass filter is provided 
along with a single-pole, single-zero differentiator. Both 
outputs have matched delays. The delay matching is 
unaffected by any amount of programmed high fre- 
quency peaking (boost) or bandwidth. This program- 
mability, combined with low group delay variation makes 
the SSI 32F8011/8012 ideal for use in many applica- 
tions. Double differentiation high frequency boost is 
accomplished by a two—pole, low-pass with a two- 
pole, high-pass feed forward section to provide comple- 
mentary real axis zeros. A variable attenuator is used 
to program the zero locations, which controls the 
amount of boost. 


The SSI 32F801 1/8012 programmable boost and band- 
width characteristics can be controlled by external 
DACs or DACs provided in the SS! 32D4661 Time 
Base Generator. Fixed characteristics are easily ac- 
complished with three external resistors, in addition 
boost can be switched in or out by a logic signal. 


The SSI 32F801 1/8012 requires only a+5V supply and 
is available in 16-pin DIP, SON, and SOL packages. 


Note: SSI 32F8011 is in full production; SSI 32F8012 
is in preliminary status. Samples of both are available. 


BLOCK DIAGRAM 


VBP 
IFP Filter 
VFP Control 


FBST 
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November 1991 
FEATURES 


¢ Ideal for: 
- constant density recording applications 
- cellular telephone applications 
- radio 
- data acquisition 
- LAN 


¢ Programmable filter cutoff frequency 
(SSI 32F8011 fc = 5 to 13 MHz) 
(SSI 32F8012 fc = 6 to 15 MHz) 


¢ Programmable high frequency peaking 
(0 to 9 dB boost at the filter cutoff frequency) 


e Matched normal and differentiated low-pass 
outputs 


e¢ Differential filter input and outputs 


e +0.75 ns group delay variation from 
0.2 fc to fc = 13 MHz 


¢ Total harmonic distortion less than 1% 
e +5V only operation 
* 16-pin DIP, SON, and SOL package 


PIN DIAGRAM 


| VO_.NORM 
|] VO_NORM GND1 |] 1 16 |] VO_DIFF 


VO_NORM [] 2 15 [] VO_DIFF 
Svopire  VO-NORM [| 3 14 [] PWRON 
'] VO_DIFF vcci [] 4 13 [] VR 

VIN [] 5 12 |] vece 
VIN [| 6 11 {] IFP 

veP [| 7 10 [] VFP 
FBST [| 8 9 [] GND2 


PWRON 


CAUTION: Use handling procedures necessary 
for a static sensitive component. : 
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FUNCTIONAL DESCRIPTION 


The SSI 32F801 1/8012, a high performance program- 
mabie electronic filter, provides a low pass Bessel-type 
seven pole filter with matched normal and differenti- 
_ atedoutputs. The device has been optimized for usage 
with several Silicon Systems products, including the 
SSI 32D4661 Time Base Generator, the SSI 32P54x 
family of Pulse Detectors, and the SSI 32P4622 
Combo chip (Data Separator and Pulse Detector). 


CUTOFF FREQUENCY PROGRAMMING 


The programmable electronic filter can be set to a filter 
cutoff frequency from 5 to 13 MHz (with no boost) for SSI 
32F8011 and 6 to 15 MHz for SSI 32F8012. 


Cutoff frequency programming can be established us- 
ing either a current source fed into pin IFP whose output 
current is proportional to the SS! 32F8011/8012 output 
reference voltage VR, or by means of an external 
resistor tied from the output voltage reference pin VR to 
pin VFP. The former method is optimized using the SSI 
32D4661 Time Base Generator, since the current source 
into pin IFP is available at the DAC F output of the 
32D4661. Furthermore, the voltage reference input is 
supplied to pin VR3 of the 32D4661 by the reference 
voltage VR from the VR pin of the 32F801 1/8012. This 
reference voltage is an internally generated bandgap 
reference, which typically varies less than 1% over 
supply voltage and temperature variation. 


The cutoff frequency, determined by the -3dB point 
relative to a very low frequency value (< 10 kHz), is 
related to the current IVFP injected into pin IFP by the 
following formulas. 


SSI 32F8011 
Fe (ideal, in MHz) = 16.25¢IFP = 16.25*IVFP*2.2/VR 


SSI 32F8012 
Fe (ideal, in MHz) = 18.75*IFP = 18.75*IVFP*2.2/VR 
where IFP and IVFP are in mA, 0.31<IFP<0.8 mA, and 
VR is in volts. 


If a current source Is used to inject current into pin IFP, 
pin VFP should be left open. 


3-12 


If the 32F8011/8012 cutoff frequency is set using volt- 
age VR to bias up a resistor tied to pin VFP, the cutoff 
frequency is related to the resistor value by the following 
formulas. | 


SSI 32F8011 | 
Fe (ideal, in MHz) = 16.25*IFP = 16.25°2.2/(3*Rx) 


SSI 32F8012 
Fc (ideal, in MHz) = 18.75*IFP = 18.75*2.2/(3*Rx) 
where Rx is inohms, 0.917<Rx<2.366 kQ. 


If pin VFP is used to program cutoff frequency, pin IFP 
should be left open. 


SLIMMER HIGH FREQUENCY BOOST 
PROGRAMMING 


The amplitude of the input signal at frequencies near 
the cutoff frequency can be increased using this fea- 
ture. Applying an external voltage to pin VBP which is 
proportional to reference output voltage VR (provided 
by the VR pin) will set the amount of boost. A fixed 
amount of boost can be set by an external resistor 
divider network connected from pin VBP to pins VR and 
GND. Noboostis applied if pin FBST, frequency boost 
enable, is at a low logic level. 


The amount of boost FB at the cutoff frequency Fc is 
related to the voltage VBP by the formula 


FB (ideal, in dB) = 20 logy o[1.884(VBP/VR)+1], where 
0<VBP<VR. | 
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PIN DESCRIPTION 


DESCRIPTION 
DIFFERENTIAL SIGNAL INPUTS. The input signals must be AC coupled to these pins. 


, VIN 
VO_NORM, DIFFERENTIAL NORMAL OUTPUTS. The output signals must be AC coupled. 
) NORM 
VO_DIFF, DIFFERENTIAL DIFFERENTIATED OUTPUTS. For minimum time skew, these 
VO_DIFF outputs should be AC coupled to the pulse detector. 


FREQUENCY PROGRAM INPUT. The filter cutoff frequency FC, is set by an external 
current IFP, injected into this pin. IFP must be proportional to voltage VR. This current can 
be set with an external current generator such as a DAC. VFP should be left open when 
using this pin. 


FREQUENCY BOOST PROGRAM INPUT. The high frequency boost is set by an external 
voltage applied to this pin. VBP must be proportionalto voltage VR. Afixed amount of boost 
can be set by an external resistor divider network connected from VBP to VR and GND. No 
boost is applied if the FBST pin is grounded, or at logic low. 


FBST FREQUENCY BOOST. A high logic level or open input enables the frequency boost 
Circuitry. 

PWRON POWER ON. A high logic level or open circuit enables the chip. A low level puts the chip 
in a low power state. 


REFERENCE VOLTAGE. Internally generated reference voltage. | 
VCC1, VCC2 +5 VOLT SUPPLY. 


GND1, GND2 GROUND 


ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may damage the device. 


V 
mA 


Voltage Applied to Inputs o5tovec+05 | Vv | 
IFP, VEP Inputs Maximum Current” es es 


* Exceeding this current may cause frequency programming lockup. 


RECOMMENDED OPERATING CONDITIONS | 


PARAMETER RATINGS UNIT 
Supply voltage, VCC1, VCC2 45<VvCCi2<550; Vi | 


V 
Ambient Temperature 0<Ta</70 
3-13 
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ELECTRICAL CHARACTERISTICS 
Power Supply Characteristics (Unless otherwise specified, recommended operating conditions apply.) 


PARAMETER | CONDITIONS 


ICC = Power Supply Current PWRON <0.8V VBP=VR 
VBP = 0V 


~ICC Power Supply Current PWRON 2 2.0V 


DC Characteristics _ =e 


|ViL__LowLevelinput Voltage | 


17 
15 
—1.5 


Feces) V 
— 
P20 
cats [om 


Filter Characteristics 


PARAMETER CONDITIONS | 

FCA Filter fc Accuracy using VFP pin 32F8011 | 11. 
Rx = 0.917 kQ 32F8012 | 13. 

AO + +VO_NORM Diff Gain F = 0.67 fc, FB =0dB 


AD VO_DIFF Diff Gain F = 0.67 fc, FB = 0 dB 
FBA Frequency Boost Accuracy | VBP = VR @ fc = 5 MHz 


ae 
Leal 
TGDO Group Delay Variation fc = Max fc, VBP = OV —0.75 
Without Boost* F = 0.2 fcto fc 
TGDB Group Delay Variation fc = Max fc, VBP=VR —0.75 +0.75 
With Boost* F = 0.2 fcto fc 


N 


rao) 
© Ww 
> 
Oo ul 


V Filter Input Dynamic Range | THD = 1% max, F = 0.67 fc 
(no boost) 


IF 
VOF _ Filter Output Dynamic Range} THD = 1% max, F = 0.67 fc | 
RIN Filter DiffinputResistance | = ssid 
CIN _ Filter Diff Input Capacitance’ Re 


BW = 100 MHz, Rs = 509, 
Ifp = 0.8 mA, VBP = 0.0V 


~EOUT Output Noise Voltage” BW = 100 MHz, Rs = 50Q 
| Normal Output Ifp = 0.8 mA, VBP = 0.0V 
EOUT Output Noise Voltage* BW = 100 MHz, Rs = 500 
_ Differentiated Output lfp = 0.8 mA, VBP = VR 
EOUT Output Noise Voltage” BW = 100 MHz, Rs = 50Q 
Normal Output 7 lfp = 0.8 mA, VBP = VR 


* Not directly testable in production, design characteristic. 


EOUT Output Noise Voltage” 
Differentiated Output 
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ELECTRICAL CHARACTERISTICS (continued) 
Filter Characteristics (continued) 


[iO Fiter Output SrkGurent[ 
FOr Fit Ouput Source Curent} 
RO i 


Filter Output Resistance | Source Current (l1O+) = 1mA 
Single ended 


Filter Control Characteristics 


PARAMETER CONDITIONS 
V Reference Voltage Output Co 


R 
lyR Reference Output 
Source Current 


GND1 VO_DIFF 
VO_NORM VO_DIFF 
VO_NORM PWR_ON 

VCC1 (+5V) VR 
VIN VCC2 (+5V) 


VIN IFP 
VBP VFP 
FBST 
Rape 


FIGURE 1: 32F8011/8012 Applications Setup, 16-Pin SO or DIP 


VR =2.2V IVip = 0.33VR/Rx 


VFP = 0.667 VR IVfp range: 0.31 mA to 0.8 mA 
(5 MHz to 13 MHz for SSI 32F801 1) 
(6 MHz to 15 MHz for SSI 32F8012) 


VFP is used when programming current is set with a resistor from VR. When VFP is used IFP must be left 
open. 
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FIGURE 3: 32F8011/8012 Typical Group Delay Variation (Differentiated Output) 


Amplitude (3dB/DIV) 


0.100 


Frequency (MHz) 


FIGURE 4: 32F8011/8012 Normal Low Pass 
Output Response (VO_NORM) 


a) fc=5 MHz No Boost 
b) fe=5 MHz Max Boost 
c) fe = 10 MHz No Boost 


SSI 32F8011/8012 
Programmable 
Electronic Filter 


fc = 10.4 MHz 


a) No Boost 
b) Max Boost 
c) Ideal Bessel Filter 
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FIGURE 5: 32F8011/8012 Differented Low Pass 
Output Response (VO_DIFF) 


d) fe = 10 MHz Max Boost 
e) fc = 15 MHz No Boost 
f) fe = 15 MHz Max Boost 
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a) fc=5 MHz (Ref = 80 ns) 
b) fc=10 MHz (Ref = 45 ns) 
c) fc=15 MHz (Ref = 35 ns) 


REF 


Group Delay (1 ns/DIV) 


Frequency (MHz) 


FIGURE 6: 32F8011/8012 Typical Group Delay Variation 
(Differentiated Output) Maximum Boost 


a) fc=5 MHz (Ref = 80 ns) 
b) fc = 10 MHz (Ref = 45 ns) 
c) fc=15 MHz (Ref = 35 ns) 


Group Delay (1 ns/DIV) 
BERR 
SRERERYE 
LE ETE ge 
et 
Tp 


2.5 5.0 5.0 17.5 20.0 22.5 25.0 


Frequency ee 


FIGURE 7: 32F8011/8012 Typical Group Delay Variation 
(Differentiated Output) No Boost 
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ae a) fc=5 MHz (Ref = 80 ns) 
b) fc = 10 MHz (Ref = 45 ns) 
ta c) fc =15 MHz (Ref = 35 ns) 
‘ ae 
; | | 
c 
& 
® 
a 
S bese 3 
oO 
& eee 
Frequency (MHz) 
FIGURE 8: 32F8011/8012 Typical Group Delay Variation 
(Normal Low Pass Output) Maximum Boost 
a) fc =5 MHz (Ref = 80 ns) 
b) fc=10MHz (Ref = 45 ns) 
ee ee 
Ratan o 
dhl as ba 
= \ 
eft | | \i | 
c — 
= at cee = ee eee 
® 
é | 
3 car eae ae) 
ie) 
é SS oe 
2 0 7.5 10.0 12. ; : 


Frequency (MHz) 


FIGURE 9: 32F8011/8012 Typical Group Delay Variation 
(Normal Low Pass Output) No Boost 
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+2.94933 + 3.32507 4.20534 | 1.68536 
$+ 3.225978 + 2.94933 S’ + 2.75939S + 3.32507 S’+ 1.82081S + 4.20534 S+ 1.68536 
a = 
S + 1.68536 


S*+ 3.22597S + 2.94933 


Normalized for We = (2x) fc = 1 
AN and AD are adjusted for unity gain (0 dB) at F = 0.67 fc 


Denormalize the frequency by substituting S > (S/2nfc) 
Eq for fc = 13 MHz, S = S/ [(2n) (13°10°)] = S/ 8.16814’ 


FIGURE 12: 32F8011/8012 Normalized Block Diagram 


TABLE 1: 32F8011/8012 Frequency Boost Calculations 


Assuming 9.2 dB boost for VBP = VR 


VBP 7 (1 orrr/20)) _ 4 
VR 1.884 


or, 


; VBP 4M. 1.499 dB ; 6.569 dB 

boost in dB =20 log 1284 an 2.777 dB 7.305 dB 
3.891 dB ; 7.984 dB 

4.879 dB : 8.613 dB 

5.765 dB 9.200 dB 


TABLE 2: Calculations 


Typical change in f-3 dB point Boostatfc f-3 dB/fc 


with boost 


Notes: 1. fc is the original programmed cutoff frequency with no boost 
2. f-3 dB is the new -3 dB value with boost implemented 


i.e., fC =5 MHz when boost = 0 dB 
if boost is programmed to 5 dB then f-3 dB = 10.65 MHz 
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PIN DIAGRAM Thermal Characteristics: 6jA 


(Top View) 


GND1 [] 1 16 [] VO_DIFF 
VO_NORM 15 |] VO_DIFF 
VO_NORM [] 3 14] PWRON 

vCC1 []} 4 13 I] VR 

VIN [| 5 12 [] vcce2 

VIN [| 6 11 [] IFP 
VBP [] 7 10 [] VFP 
FBST [] 8 9 |] GND2 


16-pin DIP, SON, SOL 


ORDERING INFORMATION 


PART DESCRIPTION | ORDERNO. | PKG.MARK 
SSI 32F8011 

16-lead SON (150 mil) 32F8011-CN 

16-lead SOL (300 mil) 32F8011-CL 

16-pin PDIP 32F8011-CP 
SSI 32F8012 

16-lead SON (150 mil) 32F8012-CN 

16-lead SOL (300 mil 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 


Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 


1191 - rev. 3-21 ©1989 Silicon Systems, Inc. 


Patent Nos. (497,863) (500,778) (516,717) 


Notes: 
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DESCRIPTION FEATURES 


The SS132F8020/8022 Programmable Electronic Filter ¢ {deal for constant density recording 
provides an electronically controlled low-pass filter applications 

with a separate differentiated low—pass output. A seven— 
pole, .05° Equiripple-type linear phase, low-pass filter © Programmable filter cutoff frequency 
is provided along with a single-pole, single-zero (fc = 1.5 to 8 MHz) 


differentiator. Both outputs have matched delays. The 
delay matching is unaffected by any amount of * Programmable pulse slimming equalization 


programmed equalization or bandwidth. This (0 to 9 dB boost at the filter cutoff frequency) 


programability combined with low groupdelay variation e¢ Matched normal and differentiated low-pass 
makes the SSI 32F8020/8022 ideal for use in constant outputs | 


density recording applications. Double differentiation 

pulse slimming equalizationis accomplishedbyatwo— ° Differential filter input and outputs 
pole, low—pass with atwo—pole, high—pass feed forward 
section to provide complimentary real axis zeros. A 
variable attenuator is usedtoprogramthe zerolocations. © +2% maximum group delay variation from 


The SSI 32F8020/8022 programmable equalization 1.5 - 8 MHz 
and bandwidth characteristics can be controlled by 

nl han 19 
external DACs or DACs provided in the SSI 32D4661 Teter Ne One case toniees alr 
time base generator. Fixed characteristics are easily ° No external filter components required 
accomplished with three external resistors.For the SSI 
32F8020, equalization can be switched inoroutbya ° +5V only operation 
logic signal. The input impedance of the SSI 32F8022 =, 16-pin DIP, SON, and SOL package 
can be clamped low for fast recovery from input over- 
load. 


The SS! 32F8020/8022 requires only a+5V supply and 
is available in 16-pin DIP, SON, and SOL packages. 


¢ +10% cutoff frequency accuracy 


BLOCK DIAGRAM PIN DIAGRAM 
ee Sn ee BSENS A VO_NORM: n/c [1 4 ie f VO_DIFF- 
VIN- g VO_NORM- VO_NORM- 15 |] VO_DIFF+ 


VO_NORMs+ [/ 3 14 |] PWRON 
an VO_DIFF+ 
Se (} VO_DIFF- VCC i 4 13 | VR 
VIN- [| 5 12 |] RX 
sa VIN+ |} 6 11 [] IFO 


VBP [] 7 10 [7 IFI 
FBST/LZ [| 8* 9 [] GND 


FBST/Z 


IF 


r) RX *Pin8= FBST - SSI 32F8020 


IFO ee 
LZ - SSI 32F8022 


CAUTION: Use handling procedures necessary 
1291 - rev. 3-23 for a static sensitive component. 
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~ FUNCTIONAL DESCRIPTION 


The SSI 32F8020/8022 is a high performance pro- 
grammable electronic filter. It features a 7-pole 0.05° 
phase equiripple filter with matched normal and differ- 
entiated outputs. The device has been optimized for 
usage with several Silicon Systems products, including 
the SSI 32D4661 Time Base Generator, the SSI32P54X 
family pulse detectors, and the SSI 32P4622 combo 
chip (Data Separator and Pulse Detector). 


CUTOFF FREQUENCY PROGRAMMING 


The cutoff frequency, fc, of the SSI 32F8020/8022 is 
defined as the -3aB filter bandwidth with no magnitude 
equalization applied, and is programmable from 1.5 
MHz to 8 MHz. 


The cutoff frequency is programmable with 3 pins: RX, 
IFO and IFI. At the RX pin, an external resistor to 
ground establishes a reference current: 
0.75 
[IFO=-——- atT =27°C 
| RX 
IFl should be made proportional to IFO for temperature 
stability. The cutoff frequency is related to the RX 
resistor, IFO and IF! currents as follows: 
IF I 1.25 
c(MHz)=8x —~x————— 
Fe{ IFO Rx (kQ) 

For a fixed cutoff frequency setting, IFO and IFI canbe 
tied together. The cutoff frequency equation then re- 
duces to: 

c(MHz)=8x 

| Fe Rx (kQ) 
For programmable cutoff frequency, an external cur- 
rent DAC can be used. The IFO should be the refer- 
ence current into the DAC. The DAC output current 
drives IFI, which is then proportional to IFO. The DACF 
inthe SSI 32D4661 Time Base Generator is designed 
to control fc of the Silicon Systems programmable 
filters. When the DACF, which has a 4X current from its 
reference to full scale output is used, a 5-kQ RX is 
used. The fc is then given as follows: 
F_ Code 
c(MHz)=8x—————_ 

Fo(MHz)=8x— 55 
where F_Code is the decimal code equivalent to the 7- 
bit digital input for the DACF. 
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MAGNITUDE EQUALIZATION PROGRAMMING 


The magnitude equalization, measured in dB, is the 
amount of high frequency peaking at the cutoff fre- 
quency relative to the original -3 dB point. For example, 
when 9 dB boost is applied, the magnitude response 
peaks up 6 GB above the DC gain. 


The magnitude equalization is programmable with two 
pins: VR and VBP. The VR is a bandgap reference 
voltage, 2.2 V typically. The voltage at the VBP pin 
determines the amount of high frequency boost. The 
boost function is as follows: _— 


Boost (dB)=20logyo [1.884 (— —-)+1] 


For a fixed boost setting, a resistor divider between VR 
to ground can be used with the divided voltage at the 
VBP pin. For programmable equalization, an external 
voltage DAC can be used. VR should be the reference 
voltage to the DAC. The DAC output voltage is then 
proportional to VR. The DACS in the SSI 32D4661 is 
designed to control the magnitude equalization of 
Silicon Systems programmable filters. When DACS is 
used, the boost relation then reduces to: 


Boost (dB) =20log19[ 1.884(==00*) 1] 


where S_Code is the decimal code equivalent to the 7- 
bit digital input for the DACS. 


For the SSI 32F8020, the equalization function can be 
disabled when FBST is pulled to logic 0. For the SSI 
32F8022, the VBP pin should be grounded to achieve 
0 dB boost. 


LOW INPUT IMPEDANCE (SSI 32F8022 only) 


When the LZ is at logic 1 or left open, the SSI 32F8022 
input is at high impedance state. When the LZ is pulled 
to logic 0, the SSI 32F8022 input is clamped to a low 
impedance state, 200 Q typical. 


POWER ON/OFF 


The SSI 32F8020/8022 supports a power down mode 
for minimal idle dissipation. When PWRON is pulled up 
to logic 1, the device is in normal operation mode. 
When PWRON is pulled down to logic 0, or left open, 
the device is in the power down mode. 
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PIN DESCRIPTION 


|NAME | DESCRIPTION 
VIN+, VIN- DIFFERENTIAL SIGNAL INPUTS. The input signals must be AC coupled to these pins. 


VO_NORM+, DIFFERENTIAL NORMAL OUTPUTS. The output signals must be AC coupled to 

VO_NORM- load. 

VO_DIFF+ DIFFERENTIAL DIFFERENTIATED OUTPUTS. These outputs should be AC coupled 

VO_DIFF- to load. 

R PTAT REFERENCE CURRENT SET. PTAT (proportional to absolute temperature) 
reference current IFO is equivalent to the current set on this pin. 

| 

IF 


X 

FO PTAT CURRENT REFERENCE OUTPUT. This pin ouputs a PTAT reference current 
which is externally scaled for control input into IFI. 

BP 

Z 


| FREQUENCY PROGRAM INPUT. The filter cutoff frequency fc, is set by an external 
current IFI, injected into this pin. IFl must be proportional to current IFO. This current can 


be set with an external current generator such as a DAC, referenced to IFO. 
FBST 
(32F8020 only) 


FREQUENCY BOOST PROGRAM INPUT. The slimmer high frequency boost is set by an 
external voltage applied to this pin. VBP must be proportional to voltage VR. A fixed 
amount of boost can be set by an external resistor divider network connected from VBP to 
LZ 
(32F8022 only) 


VR and GND. No boost is applied if the FBST pin is grounded, or at logic low. 
FREQUENCY BOOST. A high logic level or open input enables the frequency boost 
circuitry. No boost is applied if the FBST pin is grounded, or at logic low. 
LOW IMPEDANCE MODE. With a low logic level, the analog input impedance is switched 
PWRON 
REFERENCE VOLTAGE. Internally generated reference voltage. 
+5 VOLT SUPPLY. 


low for fast recovery from input overload. With a high logic level or left open, the input is at 
high impedance state. 


POWER ON. A high logic level circuit enables the chip. A low level puts the chip in a low 
power state. A low or open Circuit disables the chip. 


ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may damage the device. 


[Storage Temperaure———SSCSCS~S~S~SSC OBC 
[suncion Operating Temperature, SSSCSC~*~SC*~‘“«‘ RSSC*SCSC 
Supp votage VOC SSCSC~*~“~*~*~rCSC*~C<St 
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RECOMMENDED OPERATING CONDITIONS 


PARAMETER | RATINGS | 
4.50 < VCC < 5.50 


Ambient Temperature 0<Ta</70 


ELECTRICAL CHARACTERISTICS 
Unless otherwise specified recommended operating conditions apply. 


CONDITIONS 


Power Supply Characteristics 


ICC Power Supply Current PWRON 0.8V 
ICC — Power Supply Current PWRON 2 2.2V 
PD Power Dissipation | PWRON 2 2.2V, VCC = 5.0V 


PWRON > 2.2V, VCC = 5.5V 
DC Characteristics | 


TTL input 
VIL Low Level Input Voltage — | 
IIH High Level Input Current 
HL Low Level Input Current 


Filter Characteristics 
fe Filter Cutoff Frequency Rx = 5kQ 


ol 


fc= (ideal) 8MHze ri 


FCA Filter fc Accuracy fc (nominal) = 8 MHz 
AO VO_NORM Diff Gain F = 0.67 fc, FB=0dB 
AD VO_DIFF Diff Gain F = 0.67 fc, FB=0dB 


FB Frequency Boost at fc FB(db)=20 log 1 aa ( ere J 
VR 


VBP = VR 


FBA Frequency Boost Accuracy | FB (ideal) = 9.0 dB oo 


~TGDO Group Delay Variation fc=8MHz, VBP=0V | =I, 
Without Boost F = 0.2 fcto fc 


fc =1.5 MHz - 8 MHz 
F = 0.2 fcto fc, VBP =0V | 


fc =8 MHz, VBP = VR —1. 
F = 0.2 fcto fc 


fc = 1.5 MHz - 8 MHz 
F = 0.2 fcto fc, VBP = VR 


TGDB Group Delay Variation 
With Boost 


So 
—_ 
ie) [oe) oO 
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ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified recommended operating conditions apply. 


[PARAMETER eonbmmions | ww [om] wax | UNITS 


Filter Characteristics, continued 


VIF Filter Input Dynamic Range | THD = 1% max, F = 0.67 fc Vpp 

VOF _ Filter Output Dynamic THD = 1% max, F = 0.67 fc Vpp 
Range 

VIF Filter Input Dynamic Range | THD = 3% max, F = 0.67 fc Vpp 

VOF _ Filter Output Dynamic THD = 3% max, F = 0.67 fc Vpp 
Range 


~~ 


3) 3/2 

D 3 OD) “pr | oD 
ee a, el © 
omot HnNit On 


32F8020 _ 
32F8022 LZ = 1 


32F8022 LZ = 0 


RIN Filter Diff Input Resistance 


—- (Fe) —_ 
© © © 
wo Xe) ro m fo 
“Ni a Ni re) oO 
> = Ni] 
oO Oo ro) on 


CIN Filter Input Capacitance 


EOUT Output Noise Voltage BW = 100 MHz, Rs = 50Q 
Differentiated Output fc =8 MHz, VBP = 0.0V 


EOUT Output Noise Voltage BW = 100 MHz, Rs = 500 
Normal Output fc =8 MHz, VBP = 0.0V 


EOUT Output Noise Voltage BW = 100 MHz, Rs = 50Q 
Differentiated Output fc = 8 MHz, VBP = VR 


EOUT Output Noise Voltage BW = 100 MHz, Rs = 50Q 


Normal Output fc =8 MHz, VBP = VR 
lO- Filter Output Sink Current Ree ee el A 
lO+ Filter Output Source mA 
Current 
RO Filter Output Resistance lO+ = 1.0 MA 
(Single ended) 


Filter Control Characteristics 


VR Reference Voltage 
BP 


V Frequency Boost Control | VR=2.2V 
Voltage Range FBOOST = 0 to 9.2 dB | 


VRX ~~ PTAT Reference Current TA = 25°C 
Set Output Voltage IRX=0-0.6 mA 
Rx > 1.25 kQ 


TA = 25°C 
1.25 kQ < Rx < 6.8 kO 
IFO = VRX/Rx 
VRX = 750 mV 


RIFO IFO Ouiputimpedance | +=~=~~~S~S*«*«~SC~C«*S; 


VIFO IFO Voltage Compliance 


Nh 
iN 
Oo 


S 
3 x 
x = = 


~ 
oO 


< 


IFO PTAT Reference Current, 


Output Current Range 


e) 


= 

SJ 

oh, 
o 
oO 
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ELECTRICAL CHARACTERISTICS, (continued) 
Unless otherwise specified recommended operating conditions apply. | 


[PARAMETER [conpions | MIN, [NOM MAX | UNITS 


Filter Control Characteristics (continued) | | 


IFI PTAT Programming TA = 25°C, VRX = 750 mV 
Current Range | 


RIF! Fl Input Impedance 


ioe OO Snel Bical 
fa | [as | a 
es [as Tv 


N/C | VO_DIFF 
VO_NORM VO_DIFF 
VO_NORM PWR_ON 
VCC (+5V) 

VIN 

VIN 

VBP 

FBST/LZ 
Rees 


VR = 2.2V 

VRX = 750 mV @25°C 

IFO = VRX/Rx 

IFl range: 0.11 mA to 0.60 mA @25°C 
(1.5 to 8 MHz NO BOOST) 


Fixed frequency programming is accomplished as showninthe drawing above. — 
In this case IFI (programming current) is equivalent to IFO (reference current). 
Programming current is then set by VRX/Rx. 


where: fc=8.0 MHz then 
IFl = IFO = 0.60 mA @25°C 
Rx = 750 mV/0.60 mA = 1.25 kQ 


FIGURE 1: 32F8020/8022 Applications Setup 
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SSI 32F8020/8022 


Low-Power Programmable 


Electronic Filter 


to pController 


FOUT 


To Data Sync 


To Data Sync 


To Data Sync 


32D4661 


To Data Sync 


VRX = 750 mV @25°C 


IFO = VRX/Rx 


O 
° 

Ye) 
NI 
e 
< 
= 
) 
co 
ro) 
L 
<x 
= 


- 
2) 
oO 
O 
aa) 
O 
= 
N 
<- 
= 
c 
2 
LO 


0 


IFl range: 


( 


1 


is scaled from IFO (reference 
DACF has a current gain of 4; 
desired 


) 


the reference current should be set to 25% of the max 


t 


programming curren 


the IFI ( 


In this case 
current) through DACF on the 32D4661 


therefore 


imum 


IFl (programming current). 


where 


IFI (max) = 0.60 mA @25°C 


fc (max) = 8.0 MHZ then 
IFO (max) = 0.15 mA 


therefore Rx = 750 mV/0.15 mA = 5 kQ 


FIGURE 2 


Applications Setup, Constant Density Recording 


32F8020/8022, 32P54X, 32D4661 


1291 - rev. 


SSI 32F8020/8022 
Low-Power Programmable 
Electronic Filter 


S24 S 1.68495 + 1.31703 


1.31703 2.95139 5.37034 : 
Rancaa 703 ’ S24 S 1.54203 + 2.95139 $24 1.4558 + 5.37034 : 
-KS2 a eee 
S + 0.86133 | 


Normalized for We = (2n) fc = | 

AN and AD are adjusted for a gain (0 dB) at F = 0.67 7 fe 
Denormalize the frequency by substituting S > (S/2nfc) 

Eq for fc = 8.0 MHz, S = S/ [(2n)(8 x 10°)] 


FIGURE 3: 32F8020/8022 Normalized Block Diagram 


TABLE 1: 32F8020/8022 Frequency Boost Calculations 


Assuming 9.2 dB boost for VBP = VR VBP/VR, 


~ "4.884 


vEPIVR 


1.499 dB 
2.777 dB 
3.891 dB 


Rls Fe, 


boost in dB = 20 log 884 VA 


5.765 dB 
6.569 dB 
7.305 dB 
7.984 dB 
8.613 dB 


9.200 dB 
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PACKAGE PIN DESIGNATIONS 
(Top View) 


N/C [] 1 16 |] VO_DIFF- 


VO_NORM- 15 [] VO_DIFF+ 
VO_NORMs+ [] 3 14 [] PWRON 
vcc [] 4 13 [] VR 
VIN- [] 5 12 |] RX 
VIN+ [] 6 11 |] IFO 
VBP [| 7 10 [] IF 
FBST/LZ 9 [] GND 


*Pin8= FBST - SSI 32F8020 
LZ - SSI 32F8022 


32F8020/8022 
16-pin DIP, SON, SOL 


ORDERING INFORMATION 


PART DESCRIPTION ORDER NO. | PKG.MARK 


SSI 32F8020 

Standard Width 16-Pin Plastic Dip 
Narrow Width (150 Mil.) Small Outline 
Large Width (300 Mil.) Small Outline 
SSI 32F8022 
Standard Width 16-Pin Plastic Dip 
Narrow Width (150 Mil.) Small Outline 
Large Width (300 Mil.) Smail Outline 


32F8020-CP 
32F8020-CN 
32F8020-CL 


32F8020-CP 
32F8020-CN 
32F8020-CL 


32F8022-CP 
32F8022-CN 
32F8022-CL 


32F8022-CP 
32F8022-CN 
32F8022-CL 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other 
rights of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. 
Silicon Systems reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to 
verify that the data sheet is current before placing orders. 


Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 


1291 - rev. 3-31 ©1990 Silicon Systems, Inc. 
Patent Pending - (497,863), (500, 778) 
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‘[ SSI 32F8021/8023 
scones : Low-Power Programmable 


Preliminary Data 


November 1991 


DESCRIPTION FEATURES 
The SSI 32F8021/8023 Programmable Electronic Filter © Ideal for constant density recording 
provides an electronically controlled low-pass filter. A applications 


seven—pole, .05° Equiripple-type linear phase, low— : 
pass filter is provided. This programability combined ° Programmable filter cutoff frequency 
with low group delay variation makes the SSI 32F8021/ (fc = 1.5 to 8 MHz) 


8023 ideal for use in constant density recording ¢ Programmable pulse slimming equalization 
applications. Double differentiation pulse slimming 0 to 9 dB boost at the filter cutoff fr - 
equalization is accomplished by a two-pole, low-pass ( cia acalis FP cutolt frequency) 
with a two-pole, high-pass feed forward section to © Differential filter input and outputs 
provide complimentary real axis zeros. A variable 


attenuator is used to program the zero locations. * +10% cutoff frequency accuracy 

The SS! 32F8021/8023 programmable equalization ° +2% maximum group delay variation from 
and bandwidth characteristics are controlled by exter- 1.5-8 MHz 

nal DACs. The circuit is optimized to be used with the . ' ois : P 

SSI 32P4620 and 54x series pulse detectors. Total harmonic distortion less than 1% 


The 32F8023 is the same as the 8021, but wihalow ° No external filter components required 
impedance switch instead of the frequency boost en- 
able pin. 

The SS132F8021/8023 requiresonlya+5Vsupplyand ° 16-pin DIP, SON, and SOL package 
is available in 16-pin DIP, SON, and SOL packages. 


e +5V only operation 


BLOCK DIAGRAM PIN DIAGRAM 
VO_NORM+ 
[|] VO_NORM- 
Towz 
VR 
FBST 
Control 
RX 
PWRON 


CAUTION: Use handling procedures necessary 
1191 - rev. 3-33 for a static sensitive component. 
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PIN DESCRIPTIONS 


/NAME —_—‘|_- DESCRIPTION 


VO_NORM+ DIFFERENTIAL NORMAL OUTPUTS. The output signals must be AC coupled to 
VO_NORM- the pulse detector. 


VIN+, VIN- DIFFERENTIAL SIGNAL INPUTS. The input signals must be AC coupled to these pins. 
IFC FREQUENCY PROGRAM CONTROL. The filter cutoff frequency FC, is set by an external 
current sink, from this pin. IFC must be proportional to current IFO. This current can be 

| set with an external current generator such as a DAC, referenced to IFO. 

IFO PTAT CURRENT REFERENCE OUTPUT. This pin ouputs a PTAT reference current 
which is externally scaled for control input into IFC. IFO is proportional to absolute 
temperature (PTAT). 

RX PTAT REFERENCE CURRENT SET. PTAT (proportional to absolute temperature) 
reference current IFO is equivalent to the current set on this pen. 

VBP FREQUENCY BOOST PROGRAM INPUT. The slimmer high frequency boost is set by an 
external voltage applied to this pin. VBP must be proportional to voltage VR. A fixed 

: amount of boost can be set by an external resistor divider network connected from VBP to 
VR and GND. No boost is applied if the FBST pin is grounded, or at logic low. 

FBST FREQUENCY BOOST. A high logic level or open input enables the frequency boost 
Circuitry (32F8021 only). 

LOWZ Ahigh logic level or open input selects the high-impedance mode, at VIN+, a low-logic level 
selects the low impedance input state (32F8023 only). 

PWRON POWER ON. A high logic level enables the chip. A low level puts the chip in a low power 
state. A low or open circuit disables the chip. 

REFERENCE VOLTAGE. Internally generated reference voltage. 
+5 VOLT SUPPLY. 


ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may damage the device. 


Voltage Applied to Inputs -0.5 to VCC 
Maximum Power Dissipation, fc = 8 MHz, Vcc = 5.5V 
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RECOMMENDED OPERATING CONDITIONS 


PARAMETER RATINGS 
Supply voltage, VCC 4.5<VCC < 5.50 
Ambient Temperature Range 0<Ta</70 


ELECTRICAL CHARACTERISTICS 
Unless otherwise specified recommended operating conditions apply. 


Power Supply Characteristics 
PD Power Dissipation 


PWRON 2 2.2V, VCC = 5.5V 


DC Characteristics 


PViL_—LowLevelinntVotage fi 
[IK High evel npat Curent [VM=anv Sd 
Pow Loveinput Curent [Vu=oav Sd 


Filter Characteristics 


fc 


Filter Cutoff Frequency 


Rx = 5 kQ 
IFC 


fc= 8.0 MHz x 4 IFO 


FCA Filter fc Accuracy fc =8 MHz 
O 
FB 


A VO_NORM Diff Gain F = 0.67 fc, FB =0 dB 0.8 
fi te aia FB(dB) =20 log jree4( SEE) a 


VBP = VR 


FB = 9.0 dB a 
fc = 8 MHz, VBP = OV -1.3 

F = 0.2 fcto fc 

fc = 1.5 MHz - 8 MHz —2 

F = 0.2 fcto fc, VBP=0V 


FBA 


TGDO Group Delay Variation 
Without Boost 


Frequency Boost Accuracy 
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ELECTRICAL CHARACTERISTICS, (Continued) 
Unless otherwise specified recommended operating conditions apply. 


PARAMETER CONDITIONS 
Filter Characteristics, continued 


TGDB Group Delay Variation 


fc =8 MHz, VBP = VR at | 41.3 al 
With Boost F = 0.2 fcto fc 
fc = 1.5 MHz - 8 MHz ae oe ie % 
F = 0.2 fc to fc, VBP=VR 
| VIF Filter Input Dynamic Range [THD=1%max,F=0.67fc | 1.0 | | | Vpp_| 
THD =1%max,F=067fc | 10 | | | Vpp 
VIF Filter Input Dynamic Range | THD = 3% max, F = 0.67 fc 20 | | | Vpp 
THD =3%max,F=067fc | 20 | | | Vpp 
RIN _ Filter Diff Input Resistance LOWZ = high or open 130 | 40] | 


LOWZ = low 


CIN _ Filter Input Capacitance 


EOUT Output Noise Voltage BW = 100 MHz, Rs = 50Q 4.1 
Normal Output IFC = 0.6 mA, VBP = VR 
EOUT Output Noise Voltage BW = 100 MHz, Rs = 50Q 

Normal Output IFC = 0.6 mA, VBP = 0.0V 


lO—- — Filter Output Sink Current 
lO+ Filter Output Source Current 


RO _ Filter Output Resistance lO+= 1.0 mA Pf 
Single ended 


Filter Control Characteristics 
VR Reference Voltage 2.0 


VBP Frequency Boost Control | VR = 2.2V 
Voltage Range FBOOST = 0 to 9.2 dB 
VRX_ PTAT Reference Current TA = 25°C 750 
Set Output Voltage IRX=0-0.6 mA 
Rx > 1.25 kQO 


IFO | PTAT Reference Current, TA = 25°C 0.11 
Output Current Range 1.25 kQ < Rx < 6.8 kQ 
IFO = VRX/Rx 
VRX = 750 mV | 
IFC | PTAT Programming TA = 25°C, VRX = 750 mV 0.11 

Current Range 


TIMING CHARACTERISTICS 


PARAMETER | CONDITIONS | MIN | 
TransitiontofromtOwz(so23) | 
Transition to Idle Mode PWRON switches from high tolow | 


Transition from idle Mode PWRON switches from low to high 
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BANDGAP 


VRX = 750 mV @25°C 
IRX = IFO 


IFC programming range: 0.11 mA to 0.60 mA @25°C 
(1.5 to 8.0 MHz: No Boost) 


The IFC (programming current) is scaled from IFO (reference current) by the 
set-up shown above. Assuming the DAC current gain = 8.0, then programming 
is accomplished as follows: 


MAX programming current required: IFC = 0.6 mA (fc = 8.0 MHz) @25°C 
IFO = IFC/8 = 0.075 mA (MAX) @25°C 

IRX = IFO 

IRX = 750mV/Rx @25°C 

Rx = 10 kQ 


FIGURE 1: 32F8021/8023 Frequency Programming 
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1.31703 2.95139 5.37034 0.86133 re 
7 $24 S 1.68495 + 1.31703 $248 1.54203 + 2.95139 $2 4S 1.4558 + 5.37034 S +0.86133 
+ 
KS2 


$24 S 1.68495 + 1.31703 


Normalized for Wc = (2x) fc = 1 

AN is adjusted for unity gain (0 dB) at F = 0.67 fc 
Denormalize the frequency by substituting S > (S/2nfc) 
Eq for fc = 8.0 MHz, S = S/ [(2x)(8 x 10°)] 


FIGURE 2: 32F8021/8023 Normalized Block Diagram 


TABLE 1: 32F8011 Frequency Boost Calculations 


Assuming 9.2 dB boost for VBP = VR VBP/VR 


VBP _ (108/79) 4 
VR 1.884 


VEPIVR 


1.499 dB 
2.777 dB 
3.891 dB 
4.879 dB 
5.765 dB 
6.569 dB 
7.305 dB 
7.984 dB 
8.613 dB 
9.200 dB 


boost in dB = 20log [1884(5—) +1] 
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PIN DIAGRAM 
(Top View) 
N/C [1 16 |} N/C 
VO_NORM-— 15 LU) N/C 
VO_NORM+ |} 3 14 || PWRON 
VCC | 4 13 {|| VR 
VIN-— [| 5 12 || RX 
VIN+ [| 6 11 [] IFO 
VBP [| 7 10 || IFC 
LOWZ / FBST [] 8 9 {| GND 
(8023) (8021) 
32F8021/8023 
16-pin DIP, SON, SOL 
ORDERING INFORMATION 


PART DESCRIPTION ORDERING NUMBER PACKAGE MARK 
SS! 32F8021 Low-Power Programmable Electronic Filter 


32F8021-CL 32F8021 


Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations and 
are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 
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DESCRIPTION 


The SSI 32F8030 Programmable Electronic Filter pro- 
vides an electronically controlled low—pass filter with a 
separate differentiated low-pass output. A seven— 
pole, 0.05° Equiripple-type linear phase, low-pass 
filter is provided along with a single-pole, single-zero 
differentiator. Both outputs have matched delays. The 
delay matching is unaffected by any amount of pro- 
grammed high frequency peaking (boost) or band- 
width. This programability, combined with low group 
delay variation makes the SSI 32F8030 ideal for use in 
many applications. Double differentiation high fre- 
quency boost is accomplished by a two-pole, low— 
pass with a two-pole, high-pass feed forward section 
to provide complementary real axis zeros. A variable 
attenuator is used to program the zero locations, which 
controls the amount of boost. 


The SSI 32F8030 programmable boost and bandwidth 
characteristics can be controlled by external DACs or 
DACs provided in the SSI 32D4661 Time Base Gen- 
erator. Fixed characteristics are easily accomplished 
with three external resistors, in addition boost can be 
switched in or out by a logic signal. 


The SSI 32F8030 requires only a +5V supply and is 
available in 16-pin DIP, SON, and SOL packages. 


BLOCK DIAGRAM 


VIN 
VIN 


VBP 
IFP 
VFP 
FBST 
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FEATURES 


ideal for: 


- constant density recording applications 
- magnetic tape recording 


Programmable filter cutoff frequency 
(fc = 250 kHz to 2.5 MHz) 


Programmable high frequency peaking 
(0 to 9 dB boost at the filter cutoff frequency) 


Matched normal and differentiated low-pass 
outputs 


Differential filter input and outputs 


+3.0% group delay variation from 
0.2 fc to fc = 2.5 MHz 


Total harmonic distortion less than 1% 
+5V only operation 

16-pin DIP, SON, and SOL packages 

5 mW idle mode 


PIN DIAGRAM 


GND1 [| 1 
VO_NORM [] 2 
VO_NORM [] 3 

vcci [] 4 

VIN [1 5 
VIN [| 6 
VBP [| 7 
FBST [] 8 


VO_NORM 
VO_NORM 


16 [} VO_DIFF 
15 [] VO_DIFF 
14 [] PWRON 
13 {] VR 

12 [| vec2 

11 [] IFP 

10 [] VFP 

9 |] GND2 


VO_DIFF 
VO_DIFF 


VR 


PWRON 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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FUNCTIONAL DESCRIPTION 


The SSI 32F8030, a high performance programmable 
electronic filter, provides a low pass 0.05° Equiripple- 
type linear phase seven pole filter with matched normal 
and differentiated outputs. The device has been opti- 
mized for usage with several Silicon Systems prod- 
ucts, including the SSI 32D4661 Time Base Generator, 
the SSI 32P54x family of Pulse Detectors, andthe SSI 
32P4622 and 32P4720 Combo chips (Data Separator 
and Pulse Detector). 


CUTOFF FREQUENCY PROGRAMMING 


The SSI 32F8030 programmable electronic filter can 
be set to a filter cutoff frequency from 250 kHz to 2.5 
MHz (with no boost). 


Cutoff frequency programming can be established 
using either a current source fed into the IFP pin, whose 
output current is proportional to the SS! 32F8030 
output reference voltage VR, or by means of an exter- 
nal resistor tied from the output voltage reference pin 
VR to pin VFP. The former method is optimized using 
the SSI 32D4661 Time Base Generator, since the 
current source into pin IFP is available at the DAC F 
output of the 32D4661. Furthermore, the voltage 
reference input is supplied to pin VR3 of the 32D4661 
by the reference voltage VR from the VR pin of the 
32F8030. This reference voltage is an internally gen- 
erated bandgap reference, which typically varies less 
than 1 % over voltage supply and temperature varia- 
tion. (Forthe calculations below |VFP = current into IFP 
or VFP pins). 


The cutoff frequency, determined by the -3dB point 
relative to a very low frequency value (< 10kHZz), is 
related to the current IVFP injected into pin IFP by the 
formula | 


Fc (ideal, in MHz) = 3.125¢IFP = 3.125*IVFPe2.2/VR, 
where IFP and IVFP are in mA, 0.08<IFP<0.8 mA, and 
VR is in volts. 


If a current source is used to inject current into pin IFP, 
pin VFP should be left open. 


If the 32F8030 cutoff frequency is set using voltage VR 
to bias up a resistor tied to pin VFP, the cutoff frequency 
is related to the resistor value by the formula 


Fe (ideal, in MHz) = 3.125¢IFP = 3.125°2.2/(3eRx) 
where Rx is in ohms, & 0.917 kQ <Rx<9.17 kQ. 


If pin VFP is used to program cutoff frequency, pin IFP 
should be left open. 
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SLIMMER HIGH FREQUENCY BOOST PROGRAM- 
MING 


The amplitude of the input signal at frequencies near 
the cutoff frequency can be increased using this fea- 
ture. Applying an external voltage to pin VBP which is 
proportional to reference output voltage VR (provided 
by the VR pin) will set the amount of boost. A fixed 
amount of boost can be set by an external resistor 
divider network connected from pin VBP to pins VR and 
GND. No boost is applied if pin FBST, frequency boost 
enable, is at a low logic level. | 


The amount of boost FB at the cutoff frequency Fc is 
related to the voltage VBP by the formula 


FB (ideal, in dB) = 20 log; o[1.884(VBP/VR)+1 ], where 
0<VBP<VR. | 
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PIN DESCRIPTION 


|NAME —|_ DESCRIPTION 
DIFFERENTIAL SIGNAL INPUTS. The input signals must be AC coupled to these pins. 
V | 


IN, VIN 
VO_NORM, DIFFERENTIAL NORMAL OUTPUTS. The output signals must be AC coupled. 
VO_NORM 
VO_DIFF, DIFFERENTIAL DIFFERENTIATED OUTPUTS. For minimum time skew, these 
VO_DIFF outputs should be AC coupled to the pulse detector. 


FREQUENCY PROGRAM INPUT. The filter cutoff frequency FC, is set by an external 
current IFP, injected into this pin. IFP must be proportional to voltage VR. This current can 
be set with an external current generator such as a DAC. VFP should be left open when 
using this pin. 


VFP FREQUENCY PROGRAM INPUT. The filter cutoff frequency can be set by programming 
a current through a resistor from VR to this pin. IFP should be left open when using this pin. 


VBP FREQUENCY BOOST PROGRAM INPUT. The high frequency boost is set by an external 
voltage applied to this pin. VBP must be proportional to voltage VR. Afixed amount of boost 
canbe set by an external resistor divider network connected from VBP to VR and GND. No 
boost is applied if the FBST pin is grounded, or at logic low. 


FBST FREQUENCY BOOST. A high logic level or open input enables the frequency boost 
Circuitry. 


PWRON POWER ON. A high logic level enables the chip. A low level puts the chip in a low power 
state. 


VR REFERENCE VOLTAGE. Internally generated reference voltage. 
VCC1, VCC2 +5 VOLT SUPPLY. 


GND1, GND2 | GROUND 


ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may damag 


PARAMETER RATINGS UNIT 
Storage Temperature -65 to +150 °C 
Junction Operating Temperature, Tj °C 


Supply Voltage, VCC1, VCC2 
Voltage Applied to Inputs 


IFP, VFP Inputs Maximum Current 


RECOMMENDED OPERATING CONDITIONS 


PARAMETER | RATINGS UNIT 
Supply voltage, VCC1, VCC2 4.5 <VCC1,2 < 5.50 
Ambient Temperature O0<Ta</70 
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ELECTRICAL CHARACTERISTICS 
Power Supply Characteristics (Unless otherwise specified, recommended operating conditions apply.) 


PARAMETER CONDITIONS 
ICC Power Supply Current PWRON < 0.8V 
ICC —_ Power Supply Current PWRON 2 2.0V 


DC Characteristics 


Can 
Cs 
_ 
[Parameter CONDITIONS | MIN 
TTL input 20 

ome 

ae 


VIL Low Level Input Voltage Re el 
NH High Level Input Current | VIH = 2.7V 
HL Low Level Input Current VIL = 0.4V 


Filter Characteristics (Fc = 1.25 MHz unless otherwise stated) 


PARAMETER CONDITIONS 


FCA _ Filter fc Accuracy using IFP pin: IFP = 0.4 mA or 


using VFP pin: Rx = 1.84 kQ 


AO VO_NORM Diff Gain F = 0.67 fc, FB =0dB 
AD VO_DIFF Diff Gain F = 0.67 fc, FB = 0 dB 0.8AO 
FBA Frequency Boost Accuracy | VBP = VR 


VN 
a 
ns 


TGDO Group Delay Variation fc = 0.25 MHz, VBP = 0V —40 
Without Boost* F = 0.2 fcto fc —2 

TGDB_ Group Delay Variation fc = 0.25 MHz, VBP = VR —40 
With Boost* F = 0.2 fcto fc -2 

TGDO Group Delay Variation fc = 0.25 MHz, VBP = 0V —40 
Without Boost* F = 0.2 fcto 1.75 fc -2 

TGDB Group Delay Variation fc = 0.25 MHz, VBP = VR —40 : 
With Boost* F = 0.2 fcto 1.75 fc -2 

TGDO Group Delay Variation fc = 2.5 MHz, VBP = 0V —6 +6 ns 
Without Boost* F = 0.2 fcto fc 3 | +3 % 

TGDB Group Delay Variation fc = 2.5 MHz, VBP = VR 
With Boost* = 0.2 fcto fc 


b& 
eB 


1S 
© 
— 
n 


| = 
TGDBO Group Delay Variation fc = 2.5 MHz, VBP = 0V 6 | 
Without Boost* F =0.2 fcto 1.75 fc -3 
TGDB Group Delay Variation fc =2.5 MHz, VBP = VR —6 +6 ns 
| With Boost* F = 0.2 fcto 1.75 fc -3 —+3— % 


VIF Filter Input Dynamic Range | THD = 1% max, F = 0.67 fc 
(no boost) 
VOF _ Filter Normal Output THD = 1% max, F = 0.67 fc 
Dynamic Range VBP =0 
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ELECTRICAL CHARACTERISTICS (continued) 
Filter Characteristics (continued) 


PARAMETER CONDITIONS 


V Filter Normal Output THD = 1% max, F = 0.67 fc 
Dynamic Range VBP = VR 


O 
O 
O 
| 
| 


Z ak 
VOF _ Filter Differentiated Output | THD = 1% max, F = 0.67 fc 
Dynamic Range VBP =0 
VOF _ Filter Differentiated Output | THD = 1% max, F = 0.67 fc 
Dynamic Range VBP = VR 
RIN __ Filter Diff Input Resistance De eee to eel 
[CIN FiterDitinpuCapactance'| 
EOUT Output Noise Voltage’ 
Differentiated Output 
EOUT Output Noise Voltage* BW = 100 MHz, Rs = 50Q 
Normal Output lfp = 0.8 mA, VBP = 0.0V 
EOUT Output Noise Voltage* BW = 100 MHz, Rs = 50Q 
Differentiated Output lfp = 0.8 mA, VBP = VR 
EOUT Output Noise Voltage’ BW = 100 MHz, Rs = 50Q 
Normal Output lfp = 0.8 mA, VBP = VR 
EOUT Output Noise Voltage* BW = 10 MHz, Rs = 50Q, 1.7 1.8 mVRms 
Differentiated Output lfp = 0.08 mA, VBP = 0.0V 


BW = 100 MHz, Rs = 509, 


Ifp = 0.8 mA, VBP =0.0V 


EOUT Output Noise Voltage BW = 10 MHz, Rs = 50Q 
Normal Output [fp = 0.08 mA, VBP = 0.0V 

EOUT Output Noise Voltage BW = 10 MHz, Rs = 50Q 
Differentiated Output Ifp = 0.08 mA, VBP = VR 

EOUT Output Noise Voltage BW = 10 MHz, Rs = 500 
Normal Output Ifp = 0.08 mA, VBP = VR 

lO- Filter Output Sink Current 

lO 


+ Filter Output Source Current ee 
RO Filter Output Resistance** Bee ee ae 


* Not directly testable in production, design characteristic. 
** Single ended 


Filter Control Characteristics 


_PARAMETER CONDITIONS 
V Reference Voltage Output aa 


R 
lyR Reference Output 
Source Current 
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- 1 ifp = 80 pA (fc = 250 kHz) 


2 ifp = 224 pA (fc = 700 kHz) 
i (fe = 1.15 MHz) 
(fc = 1.6 MHz) 
(fc = 2.05 MHz) 
(fc = 2.5 MHz) 


ame, 
w” 
—L 
~~ 
= 
& 
® 
Qa 


300k 400k 500k = 700k imeg 


Frequency (Hz) 


FIGURE 1: Typical Normal/Differentiated Output Group Delay Response 


32F8030 
GND1 | VO_DIFF 
VO_NORM | VO_DIFF 
VO_NORM PWR_ON 


VCC1 (+5V) VR 
VIN VCC2 (+5V) 


IFP 
VEP 
GND2 


FIGURE 1: 32F8030 Applications Setup, 16-Pin SO or DIP 


VR =2.2V IVfp = .33VR/Rx 
VFP = .667 VR IVfp range: 0.08 mA to 0.8 mA 
(0.25 MHz to 2.5 MHz) 
VFP is used when programming current is set with a resistor from VR. When VFP is used IFP must be left 


open. 
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FIGURE 2 


, 32P54X, 32D4661 
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F = DAC setting 


lIOF = DACF output current 
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Full scale, 
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tups such as this where IFP is used for cutoff frequency programming VFP must be left 
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Please note that 
open. 
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+1.31703 
S*% S 1.68495 + 1.31703 = 
eae, | 


| 
- * Normalized for Gc = (2x) fc = 1 


AN and AD are adjusted for unity gain (0 dB) at F = 0.67 fc 
Denormalize the frequency by substituting S > (S/2nfc) 
Eq for fc = 2.5 MHz, S = S/ [(2n) (2.5°10°)] = S / (1.57080 » 107) 


FIGURE 3: 32F8030 Normalized Block Diagram 


TABLE 1: 32F8030 Frequency Boost Calculations 
Assuming 9.2 dB boost for VBP = VR Boost VBP/VR _ Boost VBP/VR 


VBP _ (1 orre/2)) _ 4 
VR —- 1884 


or, 
VBP ; 1.499 dB : 6.569 dB 
boost in dB = 20 log 1884 a) 2.777 dB 7.305 dB 
3.891 dB : 7.984 dB 
4.879 dB : 8.613 dB 
5.765 dB : 9.200 dB 


TABLE 2: Calculations 


Typical change in f-3 dB point 
with boost 


Notes: 1. fc is the original programmed cutoff frequency with no boost 
2. f-3 GB is the new -3 dB value with boost implemented 


i.e., fC =2.5 MHz when boost = 0 dB 
if boost is programmed to 5 dB then f-3 dB = 5.32 MHz 
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PIN DIAGRAM (Top View) 


16 [] VO_DIFF 
15 [] VO_DIFF 
14 [] PWRON 
13 [] VR 

12 [] vcc2 

11 [] IFP 

10 [] VFP 

9 [] GND2 


16-pin DIP, SON, SOL 


SSI 32F8030 
Programmable 
Electronic Filter 


Thermal Characteristics: OjA 


16-lead SON (150 mil) 105° C/W 
16-lead SOL (300 mil) 100° C/W 
16-lead PDIP 170° C/W 


Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use 


for final design. 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other 
rights of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. 
Silicon Systems reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to 


verify that the data sheet is current before placing orders. 


Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 
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DESCRIPTION 


The SSI 32F8120 is a continuous time low pass filter 
with programmable bandwidth and high frequency 
boost. The low pass filter is of a 2 zero / 7 pole 0.05° 
phase equiripple type, featuring excellent group delay 
characteristics. It features 1.5 - 8 MHz programmable 
bandwidth and 0 - 9.5 dB programmable boost. Both 
functions are controlled by 7-bit command words, 
which are input via a 3-line serial interface. 


FUNCTIONAL DESCRIPTION 


The SSI 32F8120, a high performance programmable 
electronic filter, provides a low pass equiripple type 
seven pole filter with matched normal and differenti- 
ated outputs. 


(continued) 


BLOCK DIAGRAM 


VIN+ 
VIN- 


VARIABLE 
ATTENUATOR 


FREQUENCY 
REGISTER 


VCA AGND vCD DGND SDEN SDI = SCLK 


SSI 32F8120 


Low-Power Programmable 
Electronic Filter 


Advance Information 


November 1991 


FEATURES 


Programmable filter cutoff frequency (FC=1.5 
to 8 MHz) with no external components 


Programmable pulse slimming equalization 
(0 to 9.5 dB boost at the filter cutoff frequency) 


+ 10% cutoff frequency accuracy 


Matched normal and differentiated low-pass 
outputs 


Differential filter inputs and outputs 
Device idle mode 

+5V only operation 

No external filter components required 


Supports constant density recording 


PIN DIAGRAM 


ye onNs DGND VO_DIFF+ 
VO_NORM- 
VO_NORM- VO_DIFF- 
VO_NORM+ RX 
[) VO_DIFF 
[7] VO_DIFF VCA SCLK 
|] VFP VIN— VCD 
VBP VIN+ SDEN 
VBP SDI 
VFP AGND 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 


SSI 32F8120 
Low-Power Programmable 
Electronic Filter 


FUNCTIONAL DESCRIPTION (continued) 


CUTOFF FREQUENCY PROGRAMMING 


The SSI 32F8120 programmable electronic filter can 
be set to a filter cutoff frequency from 1.5 to 8 MHz. The 
cutoff frequency can be set by using the serial port 
through pins SDI, SDEN, and SCLK. SDI is the serial 
data input for an 8-bit control shiftregister, SDEN is the 
control register enable, and SCLK is the control regis- 
terclock. The data packet is transmitted MSB (D7) first. 
The first four bits are the register address, the last four 
are the data bits. Registers larger than four bits must be 
loaded with two 8-bit data packets. These packets 
should be loaded sequentially and in less than 10 
microseconds. See Table 1. 


TABLE 1: 


X = Don't Care 
S = 7-bit Boost (Slimming) Control 
F = 7-bit Frequency (Bandwidth) Control 


ADDRESS BITS a DATA BITS 


S-MSB REGISTER 
S-LSB REGISTER 
F-MSB REGISTER 
F-LSB REGISTER 
P REGISTER 


The cutoff frequency is determined by the equation: 
F_Code 
127 


1.5.MHz $ Fe < 8 MHz 


Fo=8x (MHz) 


SLIMMER HIGH FREQUENCY BOOST 
PROGRAMMING 


The amplitude of the input signal at frequencies near 
the cutoff frequency can be increased using this fea- 
ture. By controlling the V-DAC output, the boost can be 
determined. The amount of boost at the cutoff fre- 
quency is related to the V-DAC output by the following 
formula: 

[Ouput of V- DAC = VBP = VREF x 2eeee 


= 20*log [0.01563 (S_Code) +1]. 


] 
BOOST (dB) 


X S6 
S3 S2 
X F6 
F3 F2 
X X 


P = Power Down Control; PO = 1 for power up; PO = 0 for power down 


; | | 
clocks data bit ees tC 
1 


lLy—! SDEN Setup 
; | wrt CRC falis 


load data 
into register 


| - SDEN Hold 
| .| wrt SCLK falls 


| | | 
SDEN | | SDI Hold | | 


SDI Setup ee wrt SCLK falls 
wrt SCLK falls 


so EACICOCeCeeeceee 


FIGURE 1: Serial Port Timing Diagram 
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PIN DESCRIPTIONS 


|NAME | DESCRIPTION 
VIN+, VIN— DIFFERENTIAL FILTER INPUTS. The input signals must be AC coupled to these pins. 


VO_NORM+ DIFFERENTIALNORMAL OUTPUTS. The output signals must be AC coupled to the pulse 
VO_NORM- detector 

VO_DIFF+ DIFFERENTIAL DIFFERENTIATED OUTPUTS. For minimum pulse pairing, these 
VO_DIFF- outputs should be AC coupled to the pulse detector. 


SDEN SERIAL DATA ENABLE. A logic HIGH level allows SERIAL CLOCK to clock data into the 
control register via the SERIAL DATA input. A logic LOW level latches the register data and 


issues the information to the appropriate circuitry. 


SCLK SERIAL CLOCK. Negative edge triggered clock input for serial register. 
SERIAL DATA INPUT. 


REFERENCE CURRENT SET. With an external resistor (Rx = 5KQ +1%) to ground, this 
pin gives a voltage proportional to the absolute temperature, setting the range for VFP. 


ANALOG GROUND. 
FP | : i 


V CUTOFF FREQUENCY PROGRAMMING VOLTAGE. Output of |-DAC which programs 
the cutoff frequency.* 


*A minimum load resistance of 150kQ should be used so as not to affect the total minimum on-chip resistance of 
1.35kQ. 


ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may damage the device. 


: , 
W 
C 


Voltage Applied to Inputs* -0.5 to VCC 
Maximum Power Dissipation, fc = 8 MHz, Vcc = 5.5V ee en ee 


T1 Lead Temperature (1/16" from case for 10 seconds) 


* Analog input signals of this magnitude shall not cause any change or degradation in filter performance after 
signal has returned to normal operating range. 
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ELECTRICAL SPECIFICATIONS (continued) 


RECOMMENDED OPERATING CONDITIONS 


ONT 
v 
“0<T)< 190 


ELECTRICAL CHARACTERISTICS | 
Unless otherwise specified recommended operating conditions apply. 


PARAMETER | CONDITIONS 
VCC = 5.50V, outputs unloaded 


°C 
°C 


Serial port program to output 
response time 


DC Characteristics 


VIH High Level Input Voltage ‘| TTL input 
IIH High Level Input Current VIH = 2.7V | 


HL Low Level Input Current VIL = 0.4V 
Filter Characteristics 
fc Filter Cutoff Frequency = VFP, 24<F Code <127 1 15 | 
FCA _ Filter fc Accuracy 
Cutoff Resolution 


FB Frequency Boost at fe 


FBA Frequency Boost Accuracy 


TGDO Group Delay Variation 
Without Boost | 


fc =1.5 - 8 MHz 
gdm = group delay magnitude 
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ELECTRICAL CHARACTERISTICS (continued) 
Unless otherwise specified recommended operating conditions apply. 


|PARAMETER | CONDITIONS | MIN, [NOM | MAX | UNITS 


Filter Characteristics, continued 


> 


m 
m 
Q 


TGDB Group Delay Variation 0.2 fc - fc —2% +2% 
With Boost gdm gdm 
fc=1.5 - 8 MHz fc-1.75 fe —3% +3% 
gdm gdm 
Boost Resolution 1.5 to 8 MHz 25 Pf LB 
VIF Filter Input Dynamic Range | THD = 1.5 % max, VBP = 0 } 15 { | | Vppd 
VOF _ Filter Output Dynamic Range | THD = 1.5% max, VBP = 0 p15} | | Vppd 
CIN Filerinput Capacitance | 
EOUT Output Noise Voltage BW = 100 MHz, | | 22 | 3 | mVRms | 
(VO_NORM) 50Q input 
fo= 8 MHz | [a2 | 4 | mvams | 
EOUT Output Noise Voltage BW = 100 MHz, | «| 47 | 6 | mvRms | 
(VO_DIFF) 50Q input 
fo= 8 Miz fe alte, 
Filter Output Sink Current fOr | Ff mA | 


IO F ee ee 
10+ Fiter Oupusoucecuren | SSSs~=~*é‘“C YY 
Output source current, ae 
(Single ended) lO+=1mMA 

PrePeiasck | SS~iCO YT 
|TISDENSetuptoscLK | 
PTeSDENHoWioScuK | SSSSCSC~SCSdYS 
Fraspiseuposcuk | St™—~—<—Ssts ST 
|TaspiHoldtosclk | TT 
[Power Suppy Rejcton aio [| TBD [TOD | 
[Common WodeRejecionRaio | Sf TaD [TAD] 

Fee ee ee cee 


0 
ad 


Bias: Vins, Vin- 7 
VVO_NORM+, VO_NORM 3.2 | 3. 
Normal Output Offset TBD {| TBD | TBD 
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PACKAGE PIN DESIGNATIONS 
(Top View) 


DGND VO_DIFF+ 
VO_NORM- VO_DIFF— 
VO_NORM+ RX 
VCA SCLK 
VIN- VCD 
VIN+ SDEN 
VBP SDI 
VFP AGND 


16-pin SOL 


Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 


Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 
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DESCRIPTION FEATURES 
The SSI 32F8130/8131 Programmable Electronic Fil- e Programmable filter cutoff frequency (SSI 
ter is a digitally controlled low pass filter with a normal 32F8130 FC=0.25 to 2.5 MHz. SSI 32F8131: FC 
low pass output and a time differentiated low pass =0.15t01.5 MHz) with no external components 
output. The low pass filter is of a 7-pole / 2-zero 0.05° serial data connections to minimze pin count 
phase equiripple type, with flat group delay response 
beyond the passband. ¢ Power down mode (<5 mW) 


The SSI 32F8130/8131 bandwidth and boost arecon- © Programmable pulse slimming equalization 
trolled by two on-chip 7-bit DACs, which are pro- (0 to 10 dB boost at the filter cutoff frequency) 
grammed via a3-line serial interface. The SSI 32F8130 

filter bandwidth is programmable from 250 kHzto 2.5 ° Matched normal and differentiated low-pass 
MHz. The SSI 32F8131 is programmable from 150 kHz outputs 

to 1.5 MHz. The boost is programmable from 0 to 10 : 

dB. Because the boost function is implemented as two De reel Ner nputs eu@oreus 
zeros on the real axis with opposite sign, the flatgroup © Programming via internal 7-bit DACs 


delay characteristic is not affected by the boost pro- 
gramming. ¢ No external filter components required 


The SSI 32F8130/8131 is ideal for multi-rate, equaliza- °¢ +5V only operation 
tion applications. It requires only a +5V supply and has 
a power down mode for minimal idle dissipation. The 
SS132F8130/8131 is available in 16-pin PDIP and SOL 


¢ Supports constant density recording 


packages. 
BLOCK DIAGRAM PIN DIAGRAM 
VIN+ RTE | aa eae | . Seen AGND [1 VO_DIFFs 
i FILTE : ie 
- es one) Bee oy v faves VO_NORM— | VO_DIFF- 
VO_NORM+ [| PWRON 
Geren K avers VCA |] SCLK 
HIGH PASS ‘ VO_DIFF- 
VIN+ [| DGND2 
DGND2 
OR a, SDEN/SDEN [ VEP 
PWRON a . : vom SDI [| DGND1 
f REF 


| URE” vp SSI 32F8130: Pin 7 = SDEN 
SS! 32F8131: Pin 7 = SDEN 


SCLK 


SDI 
SDEN/SDEN Sareea 


-| AODRESS |: 
| DECODE |. 
J GS een Meee 


8 § 


DGND1[ ] 
AGNDT[ | 


CAUTION: Use handling procedures necessary 
3-57 for a static sensitive component. | 
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FUNCTIONAL DESCRIPTION 


The SSI 32F8130/8131, a high performance program- 
mable electronic filter, provides a 7-pole / 2-zero 0.05° 
equiripple linear phase low pass function with matched 
normal and time differentiated outputs. The device 
includes multiple biquads and first-order sections to 
accomplish the filter function, two 7-bit DACs for band- 
width and boost controls, a 3-line serial interface, and 
complete bias reference circuits. Only one external 
precision 8.25 kQ resistor should be connected from 
the VFP pin to ground for operation. See Figure 1. 


SERIAL INTERFACE 


The SSI 32F8130/8131 allows easy digital controls of 
filter bandwidth and magnitude equalization via a3-line 
serial interface. The three pins are SDI, SDEN and 
SCLK. SDI is the serial data input to an internal 8-bit 
shift register. SDEN is the shift register enable. SCLK 
is the shift register clock. Besides the 8-bit shift register 
which accepts data fromthe SDI input, there are four 4- 
bit registers which hold the filter bandwidth and boost 
controls. Two 4-bit registers are assigned to each 
control function, because a 7-bit binary control is 
required for each function. 


The S-MSB register, whose address code is X000, 
holds the 3 MSBs of the boost control. The S-LSB 
register, whose address code is X001, holds the 4 
LSBs of the boost control. The F-MSB register, whose 
address code is X010, holds the 4 MSBs of the cutoff 
frequency control. The F-LSB register, whose address 
code is X011, holds the 4 LSBs of the cutoff frequency 
control. 


+1.31703 
S*+ S 1.68495 + 1.31703 () 
| S°+ S 1.68495 + 1.31703 


Normalized for wc = (2m) fc = 1 


2.95139 
S’?+ S 1.54203 + 2.95139 


The serial interface consists of data packets, which are 
structured as 4-bit address decode followed by 4-bit 
data. Figure 2 shows the serial interface timing to 
successfully program the SSI 32F8130/8131. 


CUTOFF FREQUENCY PROGRAMMING 


The cutoff frequency, fc, is defined as the -3dB band- 
width with no magnitude equalization applied, and is 
programmable from 250 kHz to 2.5 MHz for SSI 
32F8130, and 150 kHz to 1.5 MHz for SSI 32F8131. 
While the fc is controlled by an on-chip 7-bit DAC, the 
cutoff frequency resolution is better than 20-kHz step. 


Let F_Code be the decimal equivalent of the 7-bit 
control. The cutoff frequency can be determined by the 
equation: | 
SSI 32F8130: fc (MHz) = 2.5 x F_Code / 127. 

SSI 32F8131: fc (MHz) = 1.5 x F_Code / 127. 


where 12 < F_Code < 127. 


MAGNITUDE EQUALIZATION PROGRAMMING 


The magnitude equalization, measured in GB, is the 
amountof high frequency peaking atthe cutoff frequency 
relative to the original -3 dB point. For example, when 
10 dB boost is applied, the magnitude response peaks 
up 7 dB above the DC gain. This equalization function 
is also controlled by an on-chip 7-bit DAC. 


Let S_Code be the decimal equivalent of the 7-bit 
control. The magnitude equalization canbe determined 
by the equation: 


Boost (dB) = 20 x log s [0.01703 x S_Code + 1] 
where 0 <S_Code < 127. 


5.37034 
S?+ S 1.4558 + 5.37034 


AN and AD are adjusted for unity gain (0 dB) at F = 0.67 fc 
Denormalize the frequency by substituting S — (S/2n fc) 
Eq for fc = 2.5 MHz, S=S/ [(2z) (2.5 ° 10°)] = S/ (1.57080 » 10”) 


FIGURE 1: Normalized Transfer Function of the SSI 32F81 30/8131 
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load data 
clocks data bit TC into register 
\ 
SCLK 


ly! SDEN Setup SDEN Hold t_,! 
SDEN | | we SCLK wrt SCLK falls ; | 
alls 


32F8131 


| 

| 

eee 
wrt alls 

SDI Setu 

wrt SCLK pt» 


falls | | 


FIGURE 2: Serial Port Timing Relationship 


Note: 
The serial data enable function of the SSI 32F8130 and that of the SSI 32F8131 are of opposite polarity. 


await wie 


fos [oe oe oe [on | oe 
| 0 | 0 |s-msprecister | x | se | $5 | 4 
| o | 1 | s-tseRrecister 
4 | io [e. 


TABLE 1: Data Packet Fields 


ADDRESS BITS 


1 F - MSB REGISTER 


X = Don't care bit. 


1191 3-59 


SSI 32F8130/8131 
Low-Power Programmable 
Electronic Filter 


PIN DESCRIPTION 


|NAME | DESCRIPTION 
VIN+, VIN— DIFFERENTIAL FILTER INPUTS. The input signals must be AC coupled to these pins. 


VO_NORM+z, DIFFERENTIAL NORMAL OUTPUTS. The output signals must be AC coupled to the load 
VO_NORM- | 
~| VO_DIFF+ DIFFERENTIAL DIFFERENTIATED OUTPUTS. These outputs should be AC coupled 
VO_DIFF-— to the load 


PWR_ON POWER ON. A TTL high logic level enables the chip. A low level or open circuit puts the 


chip into a low power state. 


) SERIAL DATA ENABLE. An active level allows SCLK to clock data into the shift register 
) via the SDI input. An inactive level latches the register data and issues the information to 
the appropriate circuitry. Active level for SSI 32F8130 is HIGH, for SSI 32F8131 is LOW. 


SCLK SERIAL CLOCK. Negative edge triggered clock input for serial register. 


SDEN (8130 
SDEN (8131 


SERIAL DATA INPUT. 


| 
A ANALOG +5 VOLT SUPPLY 
D 


ANALOG GROUND. 


DGND1 DIGITAL GROUND. 
DGND2 


/VCD —_—|_ DIGITAL +5 VOLT SUPPLY. 


ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS | 
Operation above maximum ratings may permanently damage the device. 


V 
°C 


Voltage Applied to Inputs* -0.5 to VCC aaa 
T1 Lead Temperature (1/16" from case for 10 seconds) | p60—“(<téi‘idtt 


* Analog input signals of this magnitude shall not cause any change or degradation in filter performance after 
signal has returned to normal operating range. 


RECOMMENDED OPERATING CONDITIONS 


Tj Junction Temperature 
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VFP CUTOFF FREQUENCY PROGRAMMING REFERENCE. A resistor of 8.25 kQ should be 
| connected between this pin and AGND. | 
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ELECTRICAL SPECIFICATIONS (continued) 


ELECTRICAL CHARACTERISTICS 
Unless otherwise specified recommended operating conditions apply. 


PARAMETER CONDITIONS 
idle Mode Current eee ee eel 
Idie to Active Mode Recovery Time Poe te et el 


| MAX 
Serial port program to output 
response time 
oe 
cs 
—1.5 


Isupply 60 


DC Characteristics 


VIH High Level Input Voltage TTL input 2.0 


VIL —_— Low Level Input Voltage --- 
HH High Level Input Current VIH = 2.7V ld 
HL Low Level Input Current VIL = 0.4V ie ae 


Filter Characteristics 


fc 


12 < F_Code < 127 
SSI 32F8130 


0.9 AO 
0 


Filter Cutoff Frequency 


= 
I) 
On 
ad 
uo 
= 
ale 
N 


FCA 
Cutoff Resolution 


Filter fc Accuracy 


AO VO_NORM Diff Gain 


A VO_DIFF Diff Gain 


Frequency Boost at fc 


D 
FB 
FBA Frequency Boost Accuracy 


TGDO Group Delay Variation 
Without Boost 


fc =0.25 - 2.5 MHz 
gdm = group delay magnitude 


TGDB Group Delay Variation 
With Boost 


FB(dB) = 20 log [.01703 
(S_Code) + 1]0 <S_ Code < 127 


10 dB nominal 
0.2 fc- fc 


fc-1.75 fc 


Boost Resolution 


| VOF_N Filter Output THD = 1% max, Normal Output 
Dynamic Range 


3-61 


SSI 32F8130/8131 
Low-Power Programmable 
Electronic Filter 


ELECTRICAL CHARACTERISTICS (continued) 
Uniess otherwise specified recommended operating conditions apply. 


[panaweren ____[eowommions [wn wom [wax] uw 


Filter Characteristics, continued 


VOF_D Filter Output THD = 1% max, Differentiated Vpp- 
Dynamic Range Output 


RIN FilterDiffinputResistance | 


CIN _ Filter Input Capacitance 


EOUT Output Noise Voltage BW = 100 MHz, 
(VO_NORM) 50Q input 
fc = Max fc 


EOUT Output Noise Voltage BW = 100 MHz, 
(VO_DIFF) 50Q input 
fc = Max fc 


1IO— Filter Output Sink Current Pe eee 


lO+ Filter Output Source Current 


RO Filter Output Resistance Output source current, 
(Single ended) lO+=1MA 


SDEN Set-up WRT SCLK 
_SDEN Hold WRT SCLK 

SDI Set-up WRT SCLK 

SDI Hold WRT SCLK 

SCLK Period, TC 

Power Supply Rejection Ratio 


= 
e8) 
Oo 


= 
ee) 
O 


Common Mode Rejection Ratio 


Bias: VO _NORM+ VCC = 5V 
Vint 
VO_DIFF+ 


Normal Output Offset S_Code switched from 0-127 


Differentiated output offset S_Code switched from 0-127 
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PACKAGE PIN DESIGNATIONS 
(Top View) 


AGND VO_DIFF+ 
VO_NORM-— VO_DIFF- 
VO_NORM+ PWRON 

VCA SCLK 
VIN- VCD 
VIN+ DGND2 
SDEN/SDEN VFP 
SDI DGND1 


16-pin SOL 


SSI 32F8130: Pin 7 = SDEN 
SSI 32F8131: Pin 7 = SDEN 


Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 


Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 
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DESCRIPTION FEATURES 


The SSI 32D5321 Data Synchronizer / 2, 7 RLL © Data Synchronizer and 2,7 RLL ENDEC 
ENDEC provides data recovery and data encoding for 

storage systems which employ a 2, 7 RLL encoding ° 7-5 to 10 Mbit/s Operation Programmed with a 
format. Data synchronization is performed with a fully Single External Resistor or Current Source 
integrated high performance PLL. A zero phase restart 

technique is used to minimize PLL acquisition time. °® Optimized for Operation with the SSI 320452 
The SSI 32D5321 has been optimized for operation as and AIC 010 Controllers 
a companion device to the SSI 32C452A andthe AIC —s_g 
010 controllers. The VCO frequency setting elements 

are incorporated within the SSI 32D5321 for enhanced 
performance and reduced board space. Datarateis © Fast Acquisition Phase Locked Loop 
established with a single external programming - Zero Phase Restart Technique 

resistor. The SSI 32D5321 utilizes an advanced 

bipolar process technology which affords precise © Fully Integrated Data Separator 

decode window control without the requirement of an - No External Delay Lines or Active Devices 
accurate 1/4 cell delay or external devices. To enhance Required 

disk drive testability, decode window symmetry control 

is available through a digital pP port and/ortwo analog ° Crystal Controlled Reference Oscillator 
pins. This feature can facilitate defect mapping, auto- 
matic calibration, systematic error cancellation, °* Hard/Soft Sector Operation 
window margin testing and error recovery. The 


Programmable Decode Window Symmetry via a 
uP Port and/or Analog Pins 


SSI 32D5321 requires a single +5V power supply and app ereuon 
is available in a 28-pin PLCC package. © 28-pin PLCC Package 
BLOCK DIAGRAM PIN DIAGRAM 


Pp VCO 
iJ 


tr—-O (t— : 
2 
3 
ai 4 
5 
RAC 6 
7 
8 
9 

RG 

wa 

rrr) 

LJ SOFTAARD 
NRZ 


WCLK CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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FUNCTIONAL DESCRIPTION 


The SSI 32D5322 is designed to perform data recovery 
and data encoding in rotating memory systems which 
utilize a 2, 7 RLL encoding format. In the Read Mode 
the SSI 32D5322 performs Data Synchronization, 
Sync Field Search and Detect, Address Mark Detect 
and Data Decoding. In the Write Mode, the 
SSI 32D5322 converts NRZ data into the 2,7 RLL 
format described in Table 1, it generates the Preamble 
Field, and inserts Address Marks as requested. The 
interface electronics and architecture of the 


_ SSI 32D5322 have been optimized for use as a com- 


panion device to the SSI 32C452 or AIC 010 control- 
lers. 


The SSI 32D5322 can operate with data rates ranging 
from 7.5 to 10 Mbit/s. This data rate is established by 
a single 1% external resistor, RR, connected from pin 
IREF to VPA. This resistor establishes a reference 
current which sets the VCO center frequency, the 
phase detector gain, and the 1/4 cell delay. The value 
of this resistor is given by: 


RR = 40.67 -0.5 (kQ) 
DR 


where: DR = Data Rate in Mbit/s 


An internal crystal reference oscillator, operating at 
twice the data rate, generates the standby reference 
forthe PLL. A series resonant crystal between XTAL1 
and XTAL2 should be selected at twice the Data Rate. 
lf acrystaloscillatoris not desired, then an external TTL 
compatible reference may be applied to XTAL1, leav- 
ing XTAL2 open. 


The SSI 32D5322 employs a Dual Mode Phase Detec- 
tor; Harmonic in the Read Mode and Non-Harmonic in 
Write and Idle Modes. In the Read Mode the Harmonic 
Phase Detector updates the PLL with each occurrence 
of aDLYD DATApulse. Inthe Write and Idle Modes the 
Non-Harmonic Phase Detector is continuously en- 
abled, thus maintaining both phase and frequency 
lock. By acquiring both phase and frequency lock to the 
crystal reference oscillator and utilizing a zero phase 
restart technique, false lock to DLYD DATA is elimi- 
nated. 


4-2 


The phase detector incorporates a charge pump in 
order to drive the loop filter directly. The polarity and 
width of the output current pulses correspond to the 
direction and magnitude of the phase error. Figure 1. 
depicts the average output current as a function of the 
input phase error (relative to the VCO period). 


The READ GATE (RG), and WRITE GATE (WG), 
inputs control the device mode as described in Table 2. 
RG is an asynchronous input and may be initiated or 
terminated at any position on the disk. WG is also an 
asynchronous input, but should not be terminated prior 
to the last output Write Data pulse. 


READ OPERATION 


The Data Synchronizer utilizes a fully integrated fast 
acquisition PLL to accurately develop the decode win- 
dow. Read Gate, RG, initiates the PLL locking seq- 
uence and selects the PLL reference input; a high level 
(Read Mode) selects the RD input and a low level 
selects the crystal reference oscillator. 


In the Read Mode the rising edge of DLYD DATA 
enables the Phase Detector while the falling edge is 
phase compared to the rising edge of the VCO. As 
depicted in Figure 2, DLYD DATA is a 1/4 cell wide 
(TVCO/2) pulse whose leading edge is defined by the 
leading edge of RD. An accurate and symmetrical de- 
code window is developed from the VCO clock. The 
decode window is generated from the falling edges of 
the VCO clock. By utilizing a fully integrated symmet- 
rical VCO running at twice the data rate, the decode 
window is insured to be accurate and centered sym- 
metrically about the falling edges of DLYD DATA. The 
accuracy of the 1/4 cell delay only affects the retrace 
angle of the phase detector and does not influence the 
accuracy of the decode window. 


Shifting the symmetry of the VCO clock effectively 
shifts the relative position of the DLYD DATA pulse 
within the decode window. This powerful capability 
easily facilitates defect mapping, automatic calibra- 
tion, window margin testing, error recovery, and sys- 
tematic error cancellation. For enhanced disk drive 
testability and error recovery, decode window controlis 
provided via a pP port (WSL, WSD, WSO, WS1) as 
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described in Table 3. In applications not utilizing this 
feature, WSL should be connected to ground, while 
WSD, WSO, and WS1 can be left open. 


Window shifts in the range of +1.5% to +7.5% of TORC 
are easily programmed by latching the appropriate 
control word into the Window Shift Register with the 
WSL pin. Shifts in the positive or negative directions 
result in early or late decode windows respectively, as 
depicted in Figure 3. Additionally, for small systematic 
error cancellation, a resistor, R, connected from either 
RS (Early) or RF (Late) to ground will provide analog 
control over the decode window. The magnitude of this 
shift, TSA is determined by: 


TSA =0.125 Tor¢(1 oe 


1180+R 


where: R is in ohms 


Pins RF and RS are intended to be used as a trim and 
should be restricted to +1.5% window shifts. They can 
be used in conjunction with the digital control port. 


In Non-Read Modes, the PLL is locked to the crystal 
reference oscillator. This forces the VCO to run at a 
frequency which is very close to that required for 
tracking actual data and thus minimizes the associated 
frequency step during acquisition. When the reference 
input to the PLL is switched, the VCO is stopped 
momentarily, then restarted in an accurate phase 
alignment with the next PLL reference input pulse, and 
the VCO clock divider is reset. By minimizing the phase 
alignment in this manner (phase error < 0.5 rads), the 
acquisition time is substantially reduced. 


The SSI 32D5322 provides two sync modes forcontrol- 
ling the PLL locking sequence; Soft Sector and Hard 
Sector. 


SOFT SECTOR MODE 


The Soft Sector Mode activates the Preamble Search 
and Address Mark detection circuitry. As depicted in 
Figure 4, when RG transitions high, the counter is reset 
and the SSI 32D5322 requires 10 high to low transi- 
tions (Preamble ‘1’ bits) before switching the reference 
input to the PLL, 48 high to low transitions before 
switching the Read Reference Clock to the VCO clock 
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divided by two and activating the Address Mark Detect 
circuitry; then it must detect the Address Mark prior to 
80 high to low transitions in order to enter the Read 
Mode. This sequence repeats after 95 input ‘1’ bits until 
the read mode is successfully entered or until RG is 
cancelled. 


When RG transitions high, the following PLL locking 
sequence begins: 

a) PREAMBLE SEARCH: 

The 3T detect circuitry initiates the PLL locking 
sequence once it has detected 10 consecutive 
‘100’ bit groups from the 3T preamble field. 
The 3T detect timing is set by the sum of the 14 
cell delay and the retriggerable one-shot de- 
lay. The 14 celltiming capacitor is included on- 
chip and its timing is externally set by resistor 
RR. The retriggerable one-shot timing is exter- 
nally set by resistor Rd and capacitor Cd. The 
sum of their delays is set to 3.5 bit cell times. 
Therefore, acontinuous stream of input pulses 
with a 3T bit cell time pulse rate keeps the one- 
shot reset, anda 4T or longer bit cell time input 
period allows the one-shot to time out pro- 
ducing a 4T detect pulse. The 4T detect pulse 
resets the Input Counter and the search is 
started over. 

b) PLL ACQUISITION: 

Once 10 consecutive ‘100’ bit groups are de- 
tected, the reference input to the PLL is 
switched from the crystal reference oscillator 
to the DLYD DATA, the VCO is phase reset to 
the next DLYD DATA pulse, and PLL acquis- 
tion begins. When an additional 38 ‘100’ bit 
groups are detected, the Read Reference 
Clock output (RRC) is switched to the VCO 
Clock divided by 2, the 4T Detect circuitry is 
inhibited, and the Address Mark Detection 
Circuitry is enabled. Ifa 4T detect pulse occurs 
before 48 Preamble ‘1’ bits are detected, then 
the PLL is locked back to the crystal reference 
oscillator, the RRC output is switched to the 
crystal reference oscillator divided by 2, the 
Input Counter reset, and the sequence is re- 
started. No short duration glitches will occur at 
the RRC output during this switching. 


SSI 32D5321 © 
Data Synchronizer/ 
2,7 RLL ENDEC 


c) ADDRESS MARK DETECTION: 

The circuit searches for the occurrence of the 
5EAx1e Address Mark. If an Address Mark is 
detected prior to the Input Counter reaching 
count 80, the correct phase of the RRC is 
ensured by resetting the n/2 divider, the AMD 
output is latched low, the PLL training se- 
quence is terminated, and the Read Mode is 
entered allowing the data field to be read. If the 
Input Counter reaches count 80 before the 
Address Mark is detected, the PLL is locked 
back to the crystal reference oscillator, the 
RRC output is switched to the crystal refer- 
ence oscillator divided by 2, and the PLL 
training sequence is restarted when the Input 
Counter reaches count 96. Figure 5 depicts 
the Address Mark detection sequence. 


HARD SECTOR MODE 


In the Hard Sector mode (SOFT/HARD = 0) the 
SSI 32D5321 utilizes a 4T (1000) Preamble Field and 
disables the Preamble Search and Address Mark de- 
tection circuitry. It allows the PLL to be controlled 
directly by RG for Hard Sector format operation. With 
the absence of an Address Mark, the 4T Preamble 
Field is utilized to properly set the bit cell alignment 
boundaries for proper decoding. 


When RG transitions high, as depicted in Figure 6, 
reference input to the PLL is switched from the crystal 
reference oscillator to DLYD DATA, the VCO is phase 
reset to the next DLYD DATA pulse, and the PLL 
acquisition begins. When 32 ‘1’ Preamble bits are 
detected, the RRC output is switched to the VCO clock 
divided by 2, and the Read Mode is entered allowing 
the data field toberead. 


In the Hard Sector mode, the NRZ output is inverted 
and will remain low until the data field is read, as shown 
in Figure 7. Since the Preamble Search circuitry is not 
utilized, the external one-shot timing components (Cd, 
Rd) are not required and the SDS pin can be left open. 
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WRITE OPERATION 


Inthe Write Mode the SSI 32D5321 converts NRZ data 
from the controller into 2, 7 RLL formatted data for 
storage onto the disk. The SSI 32D5321 can operate 
with a soft or hard sectored disk drive. In the Soft Sector 
Mode, (SOFT/HARD = 1) the device generates a 3T 
Preamble Field and can insert a N7V Address Mark. 
The N7V Address Mark is a valid 2, 7 RLL pattern which 
is not contained in the code set. In the Hard Sector 
Mode, (SOFT/HARD = 0) the device generates a 4T 
Preamble Field and no Address Mark. Serial NRZ data 
is clocked into the SSI 32D5321 and latched on defined 
cell boundaries. The NRZ input data must be syn- 
chronous with the rising edges of the WCLK input. Ina 
SCSI or ST506 operation, WCLK is connected directly 
to the RRC output. 


SOFT SECTOR MODE 


In the Soft Sector Mode, when WRITE GATE (WG), 
transitions high and the NRZ input is held low, the SS! 
32D5321 automatically generates the 3T (100) Pre- 
amble Field at the WRITE DATA (WD), output. The 3T 
Preamble Field will continue to be generated until the 
first low to high transition on the NRZ line. As shown in 
Figure 8, the first low to high transition occurs with the 
second bit ‘1’ of the 516(0101) in the 5EAx1e Address 
Mark generation pattern. To generate the Address 
Mark, the SSI 32D5321 automatically changes the ‘1’ 
in the eleventh position (see note 3) of the 2, 7 RLL 
encoded sequence, to a ‘0’. This generates a pattern of 
seven zero's followed by two zero's. This unique pat- 
tern satisfies the 2, 7 RLL constraints, but will never 


occur during a normal encoding sequence. The xe of 


the 5EAxie Address Mark generation pattern can be 
selected, a ‘Cie’ (1100) was utilized in this example. 


HARD SECTOR MODE 


Inthe Hard Sector Mode, when WG goes high and the 
NRZ input is held low, the SSI 32D5321 automatically 
generates the 4T (1000) Preamble Field at the WRITE 
DATA, WD, output. Note that in the Hard Sector mode, 
the NRZ input is inverted, therefore a constant low is 
equivalent to an ‘11...’ input which generates the 4T 
‘1000...’ Preamble Field. The 4T Preamble Field willbe 
generated between the time WG goes high and the first 
low to high transition on the NRZ line. The 32D5321 
requires a minimum of 32 4T (1000) bit groups prior to 
the data field. 
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PIN DESCRIPTION 


INPUT PINS 


TYPE | DESCRIPTION 
READ DATA: Encoded Read Data from the disk drive read channel, active low. 


READ GATE: Selects the PLL reference input and initiates the PLL synchroniza- 
tionsequence. A high level selects the RD input and enables the Read Mode/ 
Address Mark Detection sequences. A low level selects the crystal reference 
oscillator. Pin RG has an internal resistor pull-up. 


G) 


imi 


j 
Sg 


WRITE GATE: Enables the write mode. Pin WG has an internal resistor pull-up. 


WINDOW SYMMETRY LATCH: Used to latch the input window symmetry control 
bits WSD, WSO and WS1 into the internal DAC. An active high level latches the 
input bits. Pin WSL has an internal resistor pull-up. 


WINDOW SYMMETRY DIRECTION: Controls the direction of the optional window 
symmetry shift. Pin WSD has an internal resistor pull-up. 


WINDOW SYMMETRY CONTROL BIT: A low level introduces a window shift of 
1.5% TORC (Read Reference Clock Period) in the direction established by WSD. 
Pin WSO has an internal resistor pull-up. 


WINDOW SYMMETRY CONTROL BIT: A low level introduces a window shift of 
6% TORC (Read Reference Clock Period) in the direction established by WSD. A 
low level at both WS0 and WS1 will produce the sum of the two window shifts. Pin 
WS‘1 has an internal resistor pull-up. 


SOFT/HARD SECTOR: Selects the address mark and the Preamble field pat- 
terns. A high level (Soft Sector) selects a 3T Preamble Field pattern and a non- 
violating 2, 7 address mark, N7V. A low level (Hard Sector) selects a 4T Preamble 
Field pattern and disables the address mark circuitry. Pin SOFT/HARD has an 
internal resistor pull-up. 


WRITE CLOCK: Write Clock input. Must be synchronous with the Write.Data input 
on the NRZ Data Port. For small cable delays, WCLK may be connected directly 
to pin RRC (Read/Reference Clock). 


ENABLE PHASE DETECTOR: A low level (Coast Mode) disables the phase 
detector and allows the VCO to coast. Pin EPD has an internal resistor pull up. 


= 


SL 


YN 
O 
4 
— 


/HARD 


= 
O 
— 
A 


EPD 


BIDIRECTIONAL PINS 
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PIN DESCRIPTION (cont) 


OUTPUT PINS 


i TYPE | DESCRIPTION 


WRITE DATA: Encoded write data output, active low. 


READ/REFERENCE CLOCK: A multiplexed clock source used by the controller. 
| Inthe read mode, this clock is the VCO frequency divided by two (1/TORC) and 
inthe write mode it is the crystal reference frequency divided by two (1/TORO). No 
short clock pulses are generated during a mode change. 


ADDRESS MARK DETECT: In the soft sector Read Mode, a latched low level 
output indicates that an address mark has been detected. In non-Read modes 
AMD is configured as a high impedance output. 


SYNC DETECT OUTPUT: An active low output that indicates successful detection 
of the 3T Preamble sync field. THE SDO pin is not a TTL level signal. 


TIMING PROGRAM PIN: The VCO center frequency and the 1/4 Cell Delay are 
a function of the current source into pin IREF. The current is set by an external 
resistor, RR, connected from IREF to VPA. 


at twice the data rate. 
PHASE DETECTOR OUTPUT: Drives the Loop Filter input. 
VCO CONTROL INPUT: Driven by the Loop Filter output. 


SYNC DETECT SET: Used to program the sync detect retriggerable one-shot 
timing with an external R-C network. Connect the capacitor, Cd, to VPA and the 
resistor, Rd, to AGND. 


WINDOW SYMMETRY ADJUST PINS: Provides analog control over the decode 
window symmetry; typically used to null out any window symmetry offset. A resistor 
connected from either RF or RS to AGND will provide magnitude and direction 
control. They can be used in conjunction with the digital control port WSD, WSO, 


DIGITAL AND ANALOG GROUND 


ANALOG +5V 
DIGITAL +5V 


CRYSTAL OSCILLATOR CONNECTIONS: If a crystal oscillator is not desired, 
XTAL1 maybe driven by a TTL source with XTAL2 open. The frequency must be 
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TABLE 3 : Decode Window Symmetry Control 
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AVERAGE 
AVERAGE OUTPUT CURRENT 


OUTPUT CURRENT 


@ ERROR @ ERROR 


a) HARMONIC MODE b) NON-HARMONIC MODE 


Note 1) lo is the magnitude of the charge pump current. 
2) Phase error is relative to the VCO period 


FIGURE 1: Phase Detector Transfer Function 


2, 7 RLL DATA 


1/4 CELL 


RRC 
(DECODE WINDOW) 


PHASE DET 
ENABLE 


FIGURE 2: Data Synchronization Waveform Diagram 


4-8 1191 - rev. 


SSI 32D5321 
Data Synchronizer/ 
2,7 RLL ENDEC 


RAC 
(DECODE 
WINDOW) 


(a) EARLY (b) NORMAL (c) LATE 


FIGURE 3: Decode Window 


3T (100) PREAMBLE FIELD ADDRESS FIELD 


RG 


3T DETECT Ox OODOOOQOQOOOHO? 

XTAL 

PLL REF 2 
DLYD DATA 


ADDRESS MARK 5 
DETECT ENABLE 


VCO RESTART 2 


2 veo 
RRC SOURCE® 


Notes: 1) Dashed lines represent conditions where AMD did not occur 
2) Representations of internal signals 


3) Dotted lines represent a high impedance output state 


FIGURE 4: Soft Sector Mode Timing Diagram 
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ee 


Notes: “1) These four bits can be any combination, Cre (1100) was selected in this example 
*2) The 5E16 of the SEAx1e Address Mark is not read back 
*3) Representations of internal signals 


FIGURE 5: Address Mark Detection and NRZ Output Waveform 


4T (1000) PREAMBLE FIELD DATA FIELD 


PLL REF* 
DLYD DATA 


VCO RESTART | | | | 
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XTAL 


NRZ ~~~ 74 KODOOOOOK OF 
INPUT COUNTER SS SSS SS SSS eS eS 


0 32 


Notes: 1) Dashed lines represent a high impedance output state 
2) Representations of internal signals 


FIGURE 6: Hard Sector Mode Timing Diagram 
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31 32 


INPUT COUNTER 


ENCODED 2, 7 DATA |1Jo|olo 1]o] oo sfolo]+]ofo]o]s}o]o]sfo]ofo]o]o| ofr] ofo| 


RD 


DLYD DATA 


VCO ouT"” 


RRO XO OXOO OOOO 


DECODED NRZ DATA 


NRZ OUTPUT~ 


Notes: *1) Representations of internal signals 
*2) In hard sector mode the NRZ output is inverted 


FIGURE 7: Hard Sector Mode Decode Timing 
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Notes: *1) X16 can be any combination, C16 (1100) was selected in this example 
*2) Representations of internal signals 
*3) Deleted ouput pulse to encode Address Mark 


FIGURE 8: Write Address Mark Generation 
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ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 


PARAMETER RATINGS 


d 
Vd 


Supply Voltage, VCC -0.5to 7 
Voltage Applied to Logic inputs -0.5 to VCC +0.5 


DC ELECTRICAL CHARACTERISTICS - unless otherwise specified, 4.75V < VCC 
— <5.25V, Ta = 0°C to 70°C, 7.5 MHz < 1/TORC < 10 MHz, 15 MHz < 1/TVCO < 20 MHz 


PARAMETER CONDITIONS 
VIH, High Level Input Voltage Po 


VIL, LowLevelinput Voltage | 
IIH, High Level Input Current 


DYNAMIC CHARACTERISTICS AND TIMING 
READ MODE (See Figure 9) 


TRD,ReadDataPulseWidth {| 


TFRD, Read Data Fall Time 2.0V to 0.8V, CL < 15 pF 
TRRC, Read Clock Rise Time 0.8V to 2.0V, CL< 15 pF 


TFRC, Read Clock Fall Time 2.0V to 0.8V, CL < 15 pF 
TPNRZ, NRZ (out) 
Propagation Delay 

TPAMD, AMD 

Propagation Delay 
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READ MODE (Cont) 


PARAMETER CONDITIONS 


Decode Window 
Centering Accuracy 


WRITE MODE (See Figure 10) 


TWD, Write Data Pulse Width 
TFWD, Write Data Fall Time 20VI008V,CL<15pF | | 


or 


TOWC Write Data Clock Faaeugl 
Repetition Period TORO -12 
TRWC Write Data 
Clock Rise Time 0.8V to 2.0V 
TFWC Write Data 
Clock Fall Time 2.0V to 0.8V 


TSNRZ, NRZ (in) Set Up Time 


THNRZ, NRZ (in) Hold Time 


DATA SYNCHRONIZATION (VCC = 5.0V) 


TVCO VCO Center Frequency VCO_IN =2.7V 
Period TO = 1.23E - 11 (RR +0.5) 
WSO = WS1 = 1 
VCO Frequency 1.0V < VCO_IN < VCC -0.6V 
Dynamic Range WSO = WS1 = 1 +24 


0.235 wo} rad/s V 


0.235 wo] rad/s V 


1.17KD | A/rad 
+4 % 


KVCO VCO Control Gain wo = 2n/ TVCO; WSO = WS = 1 


1.0V < VCO_IN < VCC -0.6V; {0.104 wo 
WSO = WS1 # 1 

KD Phase Detector Gain KD = 309 / (RR + 0.5) | 
RR (kQ); KD (uA/rad) 0.83KD 


KVCO x KD Product 
Accuracy -28 


+ 
© 
on 


1/4 Cell + Retriggerable 
One-Shot Detect Stability 


1/4 Cell + Retriggerable TD 6.14(RR +0.5) 
One-Shot Delay” + 0.172 Rd (Cd +11.5) 


RR (kQ) 
Rd (kQ) 
Cd = 68 pF to 100 pF 1.11 TD ns 


Note: * = Excludes External Capacitor and Resistor Tolerances 
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DATA SYNCHRONIZATION (Cont.) 

PARAMETER CONDITIONS 
Decode Window Time 
Shift Magnitude TS1 = 0.015 TORC 


TS1 | 
i i = Q. 0.85 TS1 
TS2 Decode Window Time 
Shift Magnitude TS2 = 0.06 TORC | 0.90 TS2 
TS3 Decode Window Time 
Shift Magnitude TS3 = 0.075 TORC 0.90 TS3 


TSA Decode Window Time 680+ R ) 0.65 TSA 


‘ sec 


| .85 TSA! sec 


Shift Magnitude TSA= 0.125 TORC( 1~ Fran 
with: R in ohms 


CONTROL CHARACTERISTICS (See Figure 11) 
TSWS, WSO, WS1, WSD 

Set Up Time 

THWS, WSO, WS1, WSD 

Hold Time | | 
RG, WG, SOFT/HARD 

Time Delay 


NRZ (OUT) 


FIGURE 9: Read Timing 
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REFERENCE 
OSCILLATOR 


NRZ (IN) 


FIGURE 10: Write Timing 


FIGURE 11: Control Timing 
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PACKAGE PIN DESIGNATIONS 


(Top View) 
< tC 
e BE ge é 
4 3 1 i 
RG U5 1} XTAL2 
SDS U 6 1] XTAL1 
EPD [{] 7 1} DGND 
N/C {] 8 i] RRC 
VCO IN {J 9 rf] WCLK 
PD OUT [J 10 |] NRZ 
AGND ff 11 1 AMD 
13 17 
PE EBE @ 3 
28-Pin PLCC 
ORDERING INFORMATION 


PART DESCRIPTION ORDER NO. PKG. MARK 
SS! 32D5321 28-Pin PLCC 32D5321 - CH 32D5321 - CH 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data sheet 
is current before placing orders. 


Silicon Systems, Inc. 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX (714) 573-6914 
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DESCRIPTION 


The SSI 32D5322 Data Synchronizer/2, 7 RLL 
ENDEC provides data recovery and data encoding for 
storage systems which employ a 2, 7 RLL encoding 
format. Data synchronization is performed with a fully 
integrated high performance PLL. A zero phase restart 
technique is used to minimize PLL acquisition time. 
The SSI 32D5322 has been optimized for operation as 


SSI 32D5322 


Data Synchronizer/ 
2, 7 RLL ENDEC 


Preliminary Data 


November 1991 


FEATURES 


Data Synchronizer and 2, 7 RLL ENDEC 


7.5 to 15 Mbit/s Operation Programmed with a Single 
External Resistor or Current Source 

Optimized for Operation with the SSI 32C452 and 
AIC 010 Controllers 


a companion device to the SSI 32C452 andthe AIC ® Programmable Decode Window Symmetry via a uP 
010 controllers. The VCO frequency setting elements Port and/or Analog Pins 
are incorporated within the SSI 32D5322 for enhanced 
performance and reduced board space. Data rate is ® Fast Acquisition Phase Locked Loop 
established with a single external programming resis- - Zero Phase Restart Technique 
tor. The SSI 32D5322 utilizes an advanced bipolar ® Fully Integrated Data Separator 
process technology which affords precise decode win- ’ ; 
dow control without the requirement of an accurate 1/ - No External Delay Lines or Active Devices Required 
4 cell delay or external devices. To enhance disk drive Crystal Controlled Reference Oscillator 
testability, decode window symmetry control is avail- 
able through a digital uP port and/or two analog pins. © Hard/Soft Sector Operation 
This feature can facilitate defect mapping, automatic 
calibration, systematic error cancellation, window °® +5V Operation 
margin testing and error recovery. The SSI 32D5322 
requires a single +5V power supply and is available in ° 28-Pin PLCC Package 
aCe PIN eee Package: © ESDI (Hard Sector) Compatible 
BLOCK DIAGRAM 


D AGND' €E 
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OPERATION 


The SSI 32D5322 is designed to perform data recovery 
and data encoding in rotating memory systems which 
utilize a 2, 7 RLL encoding format. In the Read Mode 
the SSI 32D5322 performs Data Synchronization, 
Sync Field Search and Detect, Address Mark Detect 
and Data Decoding. In the Write Mode, the 
SSI 32D5322 converts NRZ data into the 2,7 RLL 
format described in Table 1, it generates the Preamble 
Field, and inserts Adcress Marks as requested. The 
interface electronics and architecture of the SSI 
32D5322 have been optimized for use as acompanion 
device to the SSI 32C452 or AIC 010 controllers. 


The SSI 32D5322 can operate with data rates ranging 
from 7.5 to 15 Mbit/s. This data rate is established by 
a single 1% external resistor, RR, connected from pin 
IREF to VPA. This resistor establishes a reference 
current which sets the VCO center frequency, the 
phase detector gain, and the 1/4 cell delay. The value 
of this resistor is given by: 


_ 43.86 | 
RR = = — 1.2(kQ) 


where: DR = Data Rate in Mbit/s. 
[“ Note: This equation differs from 32D5321 RR equa- 
tion] 


An internal crystal reference oscillator, operating at 
twice the data rate, generates the standby reference 
for the PLL. A series resonant crystal between XTAL1 
and XTAL2 should be selected at twice the Data Rate. 
Ifa crystal oscillatoris not desired, then an external TTL 
compatible reference may be applied to XTAL1, leav- 
ing XTAL2 open. 


The SSI 32D5322 employs a Dual Mode Phase Detec- 
tor; Harmonic in the Read Mode and Non-Harmonic in 
Write and Idle Modes. Inthe Read Mode the Harmonic 
Phase Detector updates the PLL with each occurrence 
of aDLYD DATA pulse. Inthe Write and Idle Modes the 
Non-Harmonic Phase Detector is continuously en- 
abled, thus maintaining both phase and frequency 
lock. By acquiring both phase and frequency lock to the 
crystal reference oscillator and utilizing a zero phase 


restart technique, false lock to DLYD DATA is elimi- © 


nated. 


The phase detector incorporates a charge pump in 
order to drive the loop filter directly. The polarity and 
width of the output current pulses correspond to the 
direction and magnitude of the phase error. Figure 1 
depicts the average output current as a function of the 
input phase error (relative to the VCO period). 


The READ GATE (RG), and WRITE GATE (WG), 
inputs control the device mode as described in Table 2. 
RG is an asynchronous input and may be initiated or 
terminated at any position on the disk. WG is also an 
asynchronous input, but should not be terminated prior 
to the last output Write Data pulse. 


READ OPERATION 


The Data Synchronizer utilizes a fully integrated fast 
acquisition PLL to accurately develop the decode win- 
dow. Read Gate, RG, initiates the PLL locking seq- 
uence and Selects the PLL reference input; a high level 
(Read Mode) selects the RD input and a low level se- 
lects the crystal reference oscillator. 


In the Read Mode the rising edge of DLYD DATA 
enables the Phase Detector while the falling edge is 
phase compared to the rising edge of the VCO. As 
depicted in Figure 2, DLYD DATA is a 1/4 cell wide 
(TVCO/2) pulse whose leading edge is defined by the 
leading edge of RD. An accurate and symmetrical de- 
code window is developed from the VCO clock. The 
decode window is generated from the falling edges of 
the VCO clock. By utilizing a fully integrated symmet- 
rical VCO running at twice the data rate, the decode 
window is insured to be accurate and centered sym- 
metrically about the falling edges of DLYD DATA. The 
accuracy of the 1/4 cell delay only affects the retrace 
angle of the phase detector and does not influence the 
accuracy of the decode window. 


Shifting the symmetry of the VCO clock effectively 
shifts the relative position of the DLYD DATA pulse 
within the decode window. This powerful capability 
easily facilitates defect mapping, automatic calibra- 
tion, window margin testing, error recovery, and sys- 
tematic error cancellation. For enhanced disk drive 
testability and error recovery, decode window control is 
provided via a uP port (WSL, WSD, WSO, WS1) as 
described in Table 3. In applications not utilizing this 
feature, WSL should be connected to ground, while 
WSD, WSO, and WS7 can be left open. 
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Window shifts in the range of +1.5% to +7.5% of TORC 
are easily programmed by latching the appropriate 
control word into the Window Shift Register with the 
WSL pin. Shifts in the positive or negative directions 
result in early or late decode windows respectively, as 
depicted in Figure 3. Additionally, for small systematic 
error cancellation, a resistor, R, connected from either 
RS (Early) or RF (Late) to ground will provide analog 
control over the decode window. The magnitude of this 
shift, TSA is determined by: 


_680+R 


TSA = 0.125 TORC/1 - —=~*— 
1180+R 


where: R is in ohms 


Pins RF and RS are intended to be used as a trim and 
should be restricted to +1.5% window shifts. They can 
be used in conjunction with the digital control port. 


In Non-Read Modes, the PLL is locked to the crystal 
reference oscillator. This forces the VCO to run ata 
frequency which is very close to that required for 
tracking actual data and thus minimizes the associated 
frequency step during acquisition. When the reference 
input to the PLL is switched, the VCO is stopped 
momentarily, then restarted in an accurate phase 
alignment with the next PLL reference input pulse, and 
the VCO clock divider is reset. By minimizing the phase 
alignment in this manner (phase error < 0.5 rads), the 
acquisition time is substantially reduced. 


The SSI 32D5322 provides two sync modes forcontrol- 
ling the PLL locking sequence; Soft Sector and Hard 
Sector. 


SOFT SECTOR MODE 


The Soft Sector Mode activates the Preamble Search 
and Address Mark detection circuitry. As depicted in 
Figure 4, when RG transitions high, the counter is reset 
and the SS! 32D5322 requires 10 high to low transi- 
tions (Preamble ‘1’ bits) before switching the reference 
input to the PLL, 48 high to low transitions before 
switching the Read Reference Clock to the VCO clock 
divided by two and activating the Address Mark Detect 
Circuitry; then it must detect the Address Mark prior to 
80 high to low transitions in order to enter the Read 
Mode. This sequence repeats after 95 input ‘1’ bits until 
the read mode is successfully entered or until RG is 
cancelled. 
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When RG transitions high, the following PLL locking 
sequence begins: 


PREAMBLE SEARCH: 


The 3T detect circuitry initiates the PLL locking 
sequence once it has detected 10 consecutive 
‘100’ bit groups from the 3T preamble field. 
The 3T detect timing is set by the sum of the 1/ 
4 cell delay and the retriggerable one-shot 
delay. The 1/4 cell timing capacitor is included 
on-chip and its timing is externally set by 
resistor RR. The retriggerable one-shot timing 
is externally set by resistor Rd and capacitor 
Cd. The sum of their delays is set to 3.5 bit cell 
times. Therefore, a continuous stream of input 
pulses with a 3T bit cell time pulse rate keeps 
the one-shot reset, and a 4T or longer bit cell 
time input period allows the one-shot to time 
out producing a 4T detect pulse. The 4T detect 
pulse resets the Input Counter and the search 
is started over. 


a) 


PLL ACQUISITION: 


Once 10 consecutive ‘100’ bit groups are de- 
tected, the reference input to the PLL is 
switched from the crystal reference oscillator 
to the DLYD DATA, the VCO is phase reset to 
the next DLYD DATA pulse, and PLL acquis- 
tion begins. When an additional 38 ‘100’ bit 
groups are detected, the Read Reference 
Clock output (RRC) is switched to the VCO 
Clock divided by 2, the 4T Detect circuitry is 
inhibited, and the Address Mark Detection 
Circuitry is enabled. Ifa 4T detect pulse occurs 
before 48 Preamble ‘1’ bits are detected, then 
the PLL is locked back to the crystal reference 
oscillator, the RRC output is switched to the 
crystal reference oscillator divided by 2, the 
Input Counter reset, and the sequence is re- 
started. No short duration glitches will occur at 
the RRC output during this switching. 


b) 


ADDRESS MARK DETECTION: 


The circuit searches for the occurrence of the 
5EAxie Address Mark. The 4T detect circuitry 
remains active, so that, during the search, 
once a 4T or longer bit cell time input period is 
detected, the address mark must be found 
within the next five counts of the read input 
pulses. If an Address Mark is detected prior to 
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ADDRESS MARK DETECTION (Continued) 


the Input Counter reaching count 80, the cor- 
rect phase of the RRC is ensured by resetting 
the n/2 divider, the AMD output is latched low, 
the PLL training sequence is terminated, and 
the Read Mode is entered allowing the data 
field to be read. If the Input Counter reaches 
count 80 before the Address Mark is detected, 
the PLL is locked back to the crystal reference 
oscillator, the RRC output is switched to the 
crystal reference oscillator divided by 2, and 
the PLL training sequence is restarted when 
the Input Counter reaches count 96. Figure 5 
depicts the Address Mark detection se- 
quence. 


c) 


HARD SECTOR MODE 


In the Hard Sector mode (SOFT/HARD = 0) the 
SSI 32D5322 utilizes a 4T (1000) Preamble Field and 
disables the Preamble Search and Address Mark de- 
tection circuitry. It allows the PLL to be controlled 
directly by RG for Hard Sector format operation. With 
the absence of an Address Mark, the 4T Preamble 
Field is utilized to properly set the bit cell alignment 
boundaries for proper decoding. 


When RG transitions high, as depicted in Figure 6, 
reference input to the PLL is switched from the crystal 
reference oscillator to DLYD DATA, the VCO is phase 
reset to the next DLYD DATA pulse, and the PLL 
acquisition begins. When 32 ‘1’ Preamble bits are 
detected, the RRC output is switched to the VCO clock 
divided by 2, and the Read Mode is entered allowing 
the data field to be read. 


In the Hard Sector mode, the NRZ output is inverted 
and will remain low until the data field is read, as shown 
in Figure 7. Since the Preamble Search circuitry is not 
utilized, the external one-shot timing components (Cd, 
Rd) are not required and the SDS pin can be left open. 
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WRITE OPERATION 


Inthe Write Mode the SSI 32D5322 converts NRZ data 
from the controller into 2, 7 RLL formatted data for 
storage onto the disk. The SSI 32D5322 can operate 
with a soft or hard sectored disk drive. Inthe Soft Sector 
Mode, (SOFT/HARD = 1) the device generates a 3T 
Preamble Field and can insert a N7V Address Mark. 
The N7V Address Mark is a valid 2, 7 RLL pattern which 
is not contained in the code set. In the Hard Sector 
Mode, (SOFT/HARD = 0) the device generates a 4T 
Preamble Field and no Address Mark. Serial NRZ data 
is clocked into the SSI 32D5322 and latched on defined 
cell boundaries. The NRZ input data must be syn- 
chronous with the rising edges of the WCLK input. Ina 
SCSI or ST506 operation, WCLK is connected directly 
to the RRC output. 


SOFT SECTOR MODE 


In the Soft Sector Mode, when WRITE GATE (WG), 
transitions high and the NRZ input is held low, the 
SSI 32D5322 automatically generates the 3T (100) 
Preamble Field at the WRITE DATA (WD), output. The 
3T Preamble Field will continue to be generated until 
the first low to high transition on the NRZ line. As shown 
in Figure 8, the first low to high transition occurs with the 
second bit ‘1’ of the 516(0101) in the 5EAx1e Address 
Mark generation pattern. To generate the Address 
Mark, the SSI 32D5322 automatically changes the ‘1’ 
in the eleventh position (see note 3) of the 2, 7 RLL 
encoded sequence, to a ‘0’. This generates a pattern of 
seven zero's followed by two zero's. This unique pat- 
tern satisfies the 2, 7 RLL constraints, but will never 
occur during a normal encoding sequence. The xie of 
the 5EAx1e Address Mark generation pattern can be 
selected, a ‘Cie’ (1100) was utilized in this example. 


HARD SECTOR MODE 


In the Hard Sector Mode, when WG goes high and the 
NRZ input is held low, the SSI 32D5322 automatically 
generates the 4T (1000) Preamble Field at the WRITE 
DATA, WD, output. Note that in the Hard Sector mode, 
the NRZ input is inverted, therefore a constant low is 
equivalent to an ‘11...’ input which generates the 4T 
‘1000...’ Preamble Field. The 4T Preamble Field will 
be generated between the time WG goes high and the 
first low to high transition on the NRZ line. The 
SSI 32D5322 requires a minimum of 32 4T (1000) bit 
groups prior to the data field. 
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PIN DESCRIPTIONS 


TYPE | DESCRIPTION 
READ DATA: Encoded Read Data from the disk drive read channel, active low. 


READ GATE: Selects the PLL reference input and initiates the PLL synchronization 
sequence. A high level selects the RD input and enables the Read Mode/Address 
Mark Detection sequences. A low level selects the crystal reference oscillator. Pin 
RG has an internal resistor pull-up. 


WRITE GATE: Enables the write mode. Pin WG has an internal resistor pull-up. 


WINDOW SYMMETRY LATCH: Used to latch the input window symmetry control 
bits WSD, WSO and WS1 into the internal DAC. An active high level latches the input | 
bits. Pin WSL has an internal resistor pull-up. If unused, connect this pin to ground. 


WINDOW SYMMETRY DIRECTION: Controls the direction of the optional window 
symmetry shift. Pin WSD has an internal resistor pull-up. If unused, this pin can be 
left open. 


WINDOW SYMMETRY CONTROL BIT: A low level introduces a window shift of 1.5% 
TORC (Read Reference Clock Period) in the direction established by WSD. Pin WSO 
has an internal resistor pull-up. If unused, this pin can be left open. 


WINDOW SYMMETRY CONTROL BIT: A low level introduces a window shift of 6% 
TORC (Read Reference Clock Period) in the direction established by WSD. A low 
level at both WSO and WS1 will produce the sum of the two window shifts. Pin WS1 
has an internal resistor pull-up. If unused, this pin can be left open. 


SOFT/HARD SECTOR: Selects the address mark and the Preamble field patterns. 
A high level (Soft Sector) selects a 3T Preamble Field pattern and a non-violating 2, 
7 address mark, N7V. A low level (Hard Sector) selects a 4T Preamble Field pattern 
and disables the address mark circuitry. Pin SOFT/HARD has an internal resistor 


INPUT PINS 


WRITE CLOCK: Write Clock input. Must be synchronous with the Write Data input 
on the NRZ Data Port. For small cable delays, WCLK may be connected directly to 
pin RRC (Read/Reference Clock). 


ENABLE PHASE DETECTOR: A low level (Coast Mode) disables the phase detector 
and allows the VCO to coast. Pin EPD has an internal resistor pull up. 
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PIN DESCRIPTIONS (cont,) 


OUTPUT PINS 


TYPE | DESCRIPTION : 


ee WRITE DATA: Encoded write data output, active low. 
READ/REFERENCE CLOCK: A multiplexed clock source used by the controller. In 


the read mode, this clock is the VCO frequency divided by two (1/TORC) and in the 
wee 


write mode it is the crystal reference frequency divided by two (1/TORO). No short 
clock pulses are generated during a mode change. | 


ADDRESS MARK DETECT: In the soft sector Read Mode, a latched low level output 
indicates that an address mark has been detected. In non-Read modes AMD is 
configured as a high impedance output. 


SYNC DETECT OUTPUT: An active low output that indicates successful detection 
of the 3T Preamble sync field. THE SDO pin is not a TTL level signal. 


RR, connected from IREF to VPA. 


CRYSTAL OSCILLATOR CONNECTIONS: If a crystal oscillator is not 
desired, XTAL1 maybe driven by a TTL source with XTAL2 open. The frequency 
must be at twice the data rate. 


PHASE DETECTOR OUTPUT: Drives the Loop Filter input. 
VCO CONTROL INPUT: Driven by the Loop Filter output. 


i SYNC DETECT SET: Used to program the sync detect retriggerable one-shot timing 


TIMING PROGRAM PIN: The VCO center frequency and the 1/4 Cell Delay are a 
function of the current source into pin IREF. The current is set by an external resistor, 


with an external R-C network. Connect the capacitor, Cd, to VPA and the resistor, 
Rd, to AGND. 


control. They can be used in conjunction with the digital control port WSD, WSO, 


DIGITAL AND ANALOG GROUND 
ANALOG +5V 


‘WINDOW SYMMETRY ADJUST PINS: Provides analog control over the decode 
window symmetry; typically used to null out any window symmetry offset. A resistor 
connected from either RF or RS to AGND will provide magnitude and direction 
Ea | DIGITAL +5V 
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a ee ee 
| 00 | o00100 


TABLE 1: 2, 7 RLL Code Set 


| owe | nc | Move 
ee ee 
poo | | ea 
ee ee ee 
ee ee ee ce 


TABLE 2: Mode Control 


Ts, NOMINAL WINDOW sHiFT | wso | WST | WSO 
es ee 
ee ee ee ee 
es ee ee ee ee 
a ee ee ee 
cm ee ee ee 
se ee 
es ee ee ee 
a ee a ee 


TABLE 3: Decode Window Symmetry Control 
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AVERAGE 
AVERAGE OUTPUT CURRENT 


OUTPUT CURRENT 


@ ERROR @ ERROR 


a) HARMONIC MODE b) NON-HARMONIC MODE 


Note 1) lo is the magnitude of the charge pump current. 
2) Phase error is relative to the VCO period 


FIGURE 1: Phase Detector Transfer Function 


2,7 RLL DATA 


1/4 CELL 


RRC 
(DECODE WINDOW) 


PHASE DET 
ENABLE 


FIGURE 2: Data Synchronization Waveform Diagram 
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RRC RRC RRC 
DECODE (DECODE (DECODE 
INDOW) WINDOW) WINDOW) 


(a) EARLY (b) NORMAL (c) LATE 


FIGURE 3: Decode Window 


3T (100) PREAMBLE FIELD ADDRESS FIELD 


S)DETECK PO OOO OOOO DOOR KEK RRO 
XTAL 
PLL REF 2 
DLYD DATA 
ADDRESS _ MARK 9 
DETECT ENABLE 


VCO RESTART 2 


E2 vco 


RRC SOURC XTAL 


Notes: 1) Dashed lines represent conditions where AMD did not occur 
2) Representations of internal signals 
3) Dotted lines represent a high impedance output state 


FIGURE 4: Soft Sector Mode Timing Diagram 


1191 - rev. 4-27 


SSI 32D5322 
Data Synchronizer/ 
2,7 RLL ENDEC 


vco ouT?" 


RRC 


DECODED 
DATA 


2 ; 
$$$. SYNC FIELD. —————_» + —___ Ag ———_ > « —_____ c , , !§ —_—_» 


a tee ee 


Notes: *1) These four bits can be any combination, C16 (1100) was selected in this example 
*2) The 5E16 of the 5EAx16 Address Mark is not read back 
*3) Representations of internal signals 


FIGURE 5: Address Mark Detection and NRZ Output Waveform 


4T (1000) PREAMBLE FIELD DATA FIELD 


PLL REF* 
DLYD DATA 


VCO RESTART? | | | | 


vco 


RRC SOURCE @ 
XTAL | | 


NRZ 7} —LESECEEEEESE 
INPUT COUNTER Saree re 


0 32 


Notes: 1) Dashed lines represent a high impedance output state 
2) Representations of internal signals 


FIGURE 6: Hard Sector Mode Timing Diagram 
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31 32 


INPUT COUNTER 


ENCODED 2, 7 DATA J+ {o[ojfo 1[o|olo sfolo]s{olof{o{s]{ofo{1fofofofofo]o|1| ofo| 


RD 


DLYD DATA’ 


vcCo ouT" 


POQOQOOOOOKXP 
DECODED NRZ DATA 


NRZ OUTPUT? 


Notes: *1) Representations of internal signals 
*2) In hard sector mode the NRZ output is inverted 


FIGURE 7: Hard Sector Mode Decode Timing 


5 A Eg AIS X46 —_———> + DATA ———> 
wots ee Nee AP eh a ee ae. ae 
Bude | 0 0 | 1 | 0 1 1 1 1 0 1 0 1 0 1 1 0 0 0 0 : 
NRZ 


vco ouT?” 


RRC (WCLK) 


WD 1 ot 
| 


ECO OE s [ofr ojo] s]o|o s[o|of+|olo s]ofofof{s]olofofsfolo]sfo] ofofrfofofrlofofo]olofo|: | 


Notes: *1) X16 can be any combination, C16 (1100) was selected in this example 
*2) Representations of internal signals 
*3) Deleted ouput pulse to encode Address. Mark 


FIGURE 8: Write Address Mark Generation 
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ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 


[Storage Temperature ——=S=*=“‘idO*~‘SwtgO~C~dSC“‘CONCNSCO™#*~*W 


DC ELECTRICAL CHARACTERISTICS - unless otherwise specified, 4.75V < VCC 
< 5.25V, TA = 0°C to 70°C, 7.5 MHz < 1/TORC < 15 MHz , 15 MHz < 1/TVCO < 30 MHz 


PARAMETER CONDITIONS 


IIH, High Level Input Current VIH = 2.7V 
lIL, Low Level Input Current VIL = 0.4V | 


VOH, High Level Output Voltage | !OH =-400 pA | 2.4 
VOL, Low Level Output Voltage lIOL=4mA 
ICC, Power Supply Current All outputs open 


DYNAMIC CHARACTERISTICS AND TIMING 
READ MODE (See Figure 9) 


— 
mae) 
a 
Ls 
|TRD,ReadDataPulsewidth | =| 20 | TORO | 
ae 
__ 
ae 


TFRD, Read Data Fall Time 2.0V to 0.8V, CL < 15 pF 
TRRC, Read Clock Rise Time 0.8V to 2.0V, CL < 15 pF 
TFRC, Read Clock Fall Time 2.0V to 0.8V, CL < 15 pF 


TPNRZ, NRZ (out) 
Propagation Delay : 
TPAMD, AMD 
Propagation Delay - 
1/4 Cell + Retriggerable 
One-Shot Detect Stability 
1/4 Cell + Retriggerable 
One-Shot Delay (see note) 


ake 
a 
sf 
fos 
|i | x 


+4 
TD=10.5(RR+0.5)+0.12Rd(Cd+Cs)| 0.89 TD | 1.11 TD 
Cs=Stray capacitance, RR = kQ 
Rd = kQ, Cd = 68 pF to 100 pF 


Note: Excludes External Capacitor and Resistor Tolerances 


4-30 1191 - rev. 


SSI 32D5322 
Data Synchronizer/ 
2,7 RLL ENDEC 


1191 - rev. 4-31 


WRITE MODE (See figure 10) 


PARAMETER CONDITIONS 
TWD Write Data Pulse Width | CL <15 pF (TORO/2) -12 | (TORO/2) +12 
TFWD Write Data Fall Time | 2.0V to 0.8V, CL< 15 pF a 


TRWC Write Data 0.8V to 2.0V 10 
Clock Rise Time 

TFWC_ Write Data 2.0V to 0.8V 
Clock Fall Time 


TSNRZ_NRZ(in)SetUpTime | | 
THNRZ NRZ(in)HoldTime | ee 


DATA SYNCHRONIZATION 


TVCO_ VCO Center Frequency VCO IN = 2.7V 
Period TO = 1.14 E-11 (RR + 1200) 
VCC = 5.0V 


Decode Window 
Centering Accurac 
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DATA SYNCHRONIZATION (Continued) 


a a 


Decode Window Time TS3 = 0.075 TORC 0.90 TS3 | 1.1TS3 
Shift Magnitude 
Decode Window Time TSA =0.125 TORC (1 . 680+R 0.65 TSA 1 35 TSA 


Shift Magnitude 1180+R 


with: R in ohms 


CONTROL CHARACTERISTICS (See figure 11) 


PARAMETER CONDITIONS 


TSWS, WSO, WS1, WSD 
Set Up Time 


THWS, WSO 

Hold Time 
RG, WG, SOFT/HARD 
Time Delay 


NRZ (OUT) 


FIGURE 9: Read Timing 
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REFERENCE 
OSCILLATOR 


NRZ (IN) 


FIGURE 10: Write Timing 


FIGURE 11: Control Timing 
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FIGURE 12: SSI 32D5322 Typical Application 
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PACKAGE PIN DESIGNATIONS 
(Top View) for a static sensitive component. 


28-pin PLCC 


ORDERING INFORMATION 


| PART DESCRIPTION ORDER NO. PKG. MARK 
SSI 32D5322 28-pin PLCC 32D5322-CH 32D5322-CH 


Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations and 
are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights | 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems | 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. | 


Silicon Systems, Inc. 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX (714) 573-6914 


©1989 Silicon Systems, Inc. 
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DESCRIPTION 


The SS! 32D535 Data Separator provides data recov- 
ery, data encoding, and write precompensation for 
storage systems which employ a 2, 7 RLL encoding 
format. Data synchronization is performed with a fully 
integrated high performance PLL. A zero phase restart 
technique is used to minimize PLL acquisition time. 
The SSI 32D535 has been optimized for operation at a 
single data rate between 7.5 to 10 Mbit/s operation 
utilizing a crystal reference oscillator. The VCO 
frequency setting elements are incorporated within the 
SSI 32D535 for enhanced performance and reduced 
board space. Data rate is established with a single 
external programming resistor. The SSI 32D535 util- 
izes an advanced bipolar process technology which 
affords precise decode window control without requir- 
ing an accurate 1/4 cell delay or external devices. To 
enhance disk drive testability, decode window sym- 
metry control is available through a digital uP port and/ 
or two analog pins. This feature can facilitate defect 
mapping, automatic calibration, systematic error can- 
cellation, window margin testing, and error recovery. 
The SSI 32D535 requires a single +5V power supply 
and is available in a 32-pin SOW, DIP & 28-pin PLCC 
package. 


BLOCK DIAGRAM 


PO vco 
DGND AGND EPD out 
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November 1991 
FEATURES 
Data Synchronizer and 2, 7 RLL ENDEC 


Write Precompensation 


7.5 to 10 Mbit/s Programmed with a Single 
External Resistor or Current Source 


Optimized for Operation with the SSI 32C452A 
and AIC 010 Controllers 


ESDI compatible 


Programmable Decode Window Symmetry via a 
uP Port and/or Analog Pins 


Fast Acquisition Phase Locked Loop 
— Zero Phase Restart Technique 


Input Clock Circuitry Optimized for use with 
Crystal Controlled Reference Oscillator 


Hard/Soft Sector Operation 
+5V Operation 
32-Pin SOW & 28-Pin PLCC 


PIN DIAGRAM 


17 |_] VCO CLK 


32 [|__|] SOFT/HARD 
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PIN DESCRIPTION 


TYPE DESCRIPTION | 
READ DATA: Encoded Read Data from the disk drive read channel, active 
low. | 


READ GATE: Selects the PLL reference input and initiates the PLL 
synchronizationsequence. A high level selects the RD input and enables 
the Read Mode/Address Mark Detection sequences. A low level selects the 
crystal reference oscillator. Pin RG has an internal resistor pull-up. 


WRITE GATE: Enables the write mode. Pin WG has an internal resistor pull- 
up. If unused, tie pin low. 


WINDOW SYMMETRY LATCH: Used to latch the input window symmetry 
control bits WSD, WSO and WS1 into the internal DAC. An active high level 
latches the input bits. Pin WSL has an internal resistor pull-up. If unused, 

tie pin low. | | 


WINDOW SYMMETRY DIRECTION: Controls the direction of the optional 
window symmetry shift. Pin WSD has an internal resistor pull-up. 


WINDOW SYMMETRY CONTROL BIT: A low level introduces a window 
shift of 1.5% TORC (Read Reference Clock Period) in the direction estab- 


lished by WSD. Pin WSO has an internal resistor pull-up. If unused, leave 
open or tie high. 


WINDOW SYMMETRY CONTROL BIT: A low level introduces a window 
shift of 6% TORC (Read Reference Clock Period) in the direction estab- 
lished by WSD. A low level at both WSO and WS1 will produce the sum of 
the two window shifts. Pin WS1 has an internal resistor pull-up. If unused, 
leave open or tie high. 


SOFT/HARD SECTOR: Selects the address mark and the Preamble field 
patterns. A high level (Soft Sector) selects a 3T Preamble Field pattern and 
a non-violating 2, 7 address mark, N7V. A low level (Hard Sector) selects 
a 4T Preamble Field pattern and disables the address mark circuitry. Pin 
SOFT/HARD has an internal resistor pull-up. 


WRITE CLOCK: Write Clock input. Must be synchronous with the Write 
Data input on the NRZ Data Port. For small cable delays, WCLK may be 
connected directly to pin RRC (Read/Reference Clock). 


ENABLE PHASE DETECTOR: A low level (Coast Mode) disables the 
phase detector and allows the VCO to coast. Pin EPD has an internal 
resistor pull up. 


ENABLE WRITE PRECOMPENSATION: A low level enables Write Pre- 
compensation. Pin EWP has an internal resistor pull-up. 


INPUT PINS 


RG 

WG 

WSL 

WSD 

wso 

WwSsit 
SOFT/HARD 
WCLK 
wi a 
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PIN DESCRIPTION (Continued) 


OUTPUT PINS 


READ/REFERENCE CLOCK: A multiplexed clock source used by the 
controller. In the read mode, this clock is the VCO frequency divided by two 
(1/TORC) and in the write mode it is the crystal reference frequency divided 
by two (1/TORO). No short clock pulses are generated during a mode change. 


ADDRESS MARK DETECT: In the soft sector Read Mode, a latched low 
level output indicates that an address mark has been detected. Innon-Read 
modes AMD is configured as a high impedance output. 


SYNC DETECT OUTPUT: An active low output that indicates successful 


detection of the 3T Preamble sync field. THE SDO pin is not a TTL level 
signal. 


VCO CLK: An open emitter VCO clock test point. Two external resistors 
are required to utilize this output, they can be removed during normal 
operaton for reduced power dissipation. 


DELAYED READ DATA: Test point. The positive edges of this open emitter 
output signal indicate the data bit position. The positive edges of the DRD 
and the VCO CLK signals can be used to estimate window centering. The 
time jitter of DRD’s positive edge is an indication of media bit shift. Two 
external resistors are required to perform this test, they can be removed 
during normal operation for reduced power dissipation. 


BIDIRECTIONAL PINS 


NRZ DATA PORT: Read Data output when RG is high and Write Data input 


when WG is high. In the idle mode NRZ is in a high impedance state. 


ANALOG PINS 


TIMING PROGRAM PIN: The VCO center frequency and the 1/4 Cell Delay 
are a function of the current sourced into pin|IREF. The current is set by an 
external resistor, RR, connected from IREF to VPA. 


PRECOMP SET: Used to set the magnitude of the Write Precompensation 
time shift via an external capacitor, Cp to VPA and an external resistor, Rp 


XTAL1, CRYSTAL OSCILLATOR CONNECTIONS: The frequency mustbe attwice 
XTAL2 the data rate. 


PD OUT PHASE DETECTOR OUTPUT: Drives the Loop Filter input. 
VCO IN VCO CONTROL INPUT: Driven by the Loop Filter output. 
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PIN DESCRIPTION (Continued) 


OUTPUT PINS (Continued) — 


TYPE DESCRIPTION 


SYNC DETECT SET: Used to program the sync detect retriggerable one- 
shot timing with an external R-C network. Connectthe capacitor, Cd, to VPA 
and the resistor, Rd, to AGND. 


WINDOW SYMMETRY ADJUST PINS: Provides analog control over the 
decode window symmetry; typically used to null out any window symmetry 
offset. A resistor connected from either RF or RS to AGND will provide 


magnitude and direction control. They can be used in conjunction with the 
digital control port WSD, WSO, WS1. 


DIGITAL AND ANALOG GROUND 
ANALOG +5V ) 
DIGITAL +5V | 


-DGND, AGND 
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OPERATION 


The SSI 32D535 is designed to perform data recovery 
and data encoding in rotating memory systems which 
utilize a 2, 7 RLL encoding format. In the Read Mode 
the SSI 32D535 performs Data Synchronization, Sync 
Field Search and Detect, Address Mark Detect and 
Data Decoding. In the Write Mode, the SSI 32D535 
converts NRZ data into the 2,7 RLL format described in 
Table 1, performs write precompensation, generates 
the Preamble Field, and inserts Address Marks as 
requested. The interface electronics and architecture 
of the SSI 32D535 have been optimized for use as a 
companion device to the SSI 32C452 or AIC 010 
controllers. 


The SSI 32D535 can operate with data rates ranging 
from 7.5 to 10 Mbit/s operation. This data rate is 
established by a single 1% external resistor, RR, 
connected from pin IREF to VPA. This resistor estab- 
lishes a reference current which sets the VCO center 
frequency, the phase detector gain, and the 1/4 cell 
delay. The value of this resistor is given by: 


RR = 40.67 -0.5 (kQ) 
DR 


where: DR = Data Rate in Mbit/s. 


An internal crystal reference oscillator, operating at 
twice the data rate, generates the standby reference 
forthe PLL. A series resonant crystal between XTAL1 
and XTAL2 should be selected at twice the Data Rate. 


The SSI 32D535 employs a Dual Mode Phase Detec- 
tor; Harmonic in the Read Mode and Non-Harmonic in 
Write and Idle Modes. Inthe Read Mode the Harmonic 
Phase Detector updates the PLL with each occurrence 
ofaDLYD DATApulse. Inthe Write and Idle Modes the 
Non-Harmonic Phase Detector is continuously en- 
abled, thus maintaining both phase and frequency 
lock. By acquiring both phase and frequency lock to the 
crystal reference oscillator and utilizing a zero phase 
restart technique, false lock to DLYD DATA is elimi- 
nated. 


The phase detector incorporates a charge pump in 
order to drive the loop filter directly. The polarity and 
width of the output current pulses correspond to the 
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direction and magnitude of the phase error. Figure 1 
depicts the average output current as a function of the 
input phase error (relative to the VCO period). 


The READ GATE (RG), and WRITE GATE (WG), 
inputs control the device mode as described in Table 2. 
RG is an asynchronous input and may be initiated or 
terminated at any position on the disk. WG is also an 
asynchronous input, but should not be terminated prior 
to the last output Write Data pulse. 


READ OPERATION 


The Data Synchronizer utilizes a fully integrated fast 
acquisition PLL to accurately develop the decode win- 
dow. Read Gate, RG, initiates the PLL locking seq- 
uence and Selects the PLL reference input; a high level 
(Read Mode) selects the RD input and a low level 
selects the crystal reference oscillator. 


In the Read Mode the rising edge of DLYD DATA 
enables the Phase Detector while the falling edge is 
phase compared to the rising edge of the VCO. As 
depicted in Figure 2, DLYD DATA is a 1/4 cell wide 
(TVCO/2) pulse whose leading edge is defined by the 
leading edge of RD. An accurate and symmetrical de- 
code window is developed from the VCO clock. The 
decode window is generated from the falling edges of 
the VCO clock. By utilizing a fully integrated symmet- 
rical VCO running at twice the data rate, the decode 
window is insured to be accurate and centered sym- 
metrically about the falling edges of DLYD DATA. The 
accuracy of the 1/4 cell delay only affects the retrace 
angle of the phase detector and does not influence the 
accuracy of the decode window. 


Shifting the symmetry of the VCO clock effectively 
shifts the relative position of the DLYD DATA pulse 
within the decode window. This powerful capability 
easily facilitates defect mappings, automatic calibra- 
tion, window margin testing, error recovery, and sys- 
tematic error cancellation. For enhanced disk drive 
testability and error recovery, decode window controlis 
provided via a uP port (WSL, WSD, WSO, WS1) as 
described in Table 3. In applications not utilizing this 
feature, WSL must be connected to ground, while 
WSD, WSO, and WS1 must be left open. 
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Window shifts inthe range of +1.5% to +7.5% of TORC 
are easily programmed by latching the appropriate 
control word into the Window Shift Register with the 
WSL pin. Shifts in the positive or negative directions 
result in early or late decode windows respectively, as 
depicted in Figure 3. Additionally, for small systematic 
error cancellation, a resistor, R, connected from either 
RS (Early) or RF (Late) to ground will provide analog 
control overthe decode window. The magnitude of this 
shift, TSA is determined by: 


TSA =0.125 TORC i 


_ 680+R 
1180+R 


where: R is in ohms 


Pins RF and RS are intended to be used as a trim and 
should be restricted to +1.5% window shifts. They can 
be used in conjunction with the digital control port. 


The VCO CLK and DRD outputs can be used to esti- 
mate window centering and data bit shift. The rising 
edges of VCO CLK indicate the data detection window 
edges. The rising edge of DRD indicates the data bit 
position relative to the decode window. Two external 
resistors are required during such testing. A pull-up 
resistor of 130Q should be connected to VPD, while a 
pull-down resistor of 200Q should be connected to 
DGND. The resistors can be removed during normal 
operation to reduce power dissipation. 


In Non-Read Modes, the PLL is locked to the crystal 
reference oscillator. This forces the VCO to run at a 
frequency which is very close to that required for 
tracking actual data and thus minimizes the associated 
frequency step during acquisition. When the reference 
input to the PLL is switched, the VCO is stopped 
momentarily, then restarted in an accurate phase 
alignment with the next PLL reference input pulse, and 
the VCO clock divider is reset. By minimizing the phase 
alignment in this manner (phase error < 0.5 rads), the 
acquisition time is substantially reduced. 


The SSI 32D535 provides two sync modes for control- 
ling the PLL locking sequence; Soft Sector and Hard 
Sector. 


SOFT SECTOR MODE 


The Soft Sector Mode activates the Preamble Search 
and Address Mark detection circuitry. As depicted in 


Figure 4, when RG transitions high, the counter is reset 
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and the SSI 32D535 requires 10 high to low transitions 
(Preamble ‘1’ bits) before switching the reference input 
to the PLL, 48 high to low transitions before switching 
the Read Reference Clock to the VCO clock divided by 
two and activating the Address Mark Detect circuitry; 
then it must detect the Address Mark prior to 80 high to 
low transitions in order to enter the Read Mode. This 
sequence repeats after 95 input ‘1’ bits until the read 
mode is successfully entered or until RG is cancelled. 


When RG transitions high, the following PLL locking 
sequence begins: 


a) PREAMBLE SEARCH: 


The 3T detect circuitry initiates the PLL locking 
sequence once it has detected 10 consecutive 
‘100’ bit groups from the 3T preamble field. 
The 3T detect timing is set by the sum of the 
1/4 cell delay and the retriggerable one-shot 
delay. The 1/4 cell timing capacitor is included 
on-chip and its timing is externally set by 
resistor RR. The retriggerable one-shot timing 
is externally set by resistor Rd and capacitor 
Cd. The sum of their delays is set to 3.5 bit cell 
times. Therefore, a continuous stream of input 
pulses with a 3T bit cell time pulse rate keeps 
the one-shot reset, and a 4T or longer bit cell 
time input period allows the one-shot to time 
out producing a 4T detect pulse. The 4T detect 
pulse resets the Input Counter and the search 
is started over. | 


b) PLL ACQUISITION: 


Once 10 consecutive ‘100’ bit groups are de- 
tected, the reference input to the PLL is 
switched from the crystal reference oscillator 
to the DLYD DATA, the VCO is phase reset to 
the next DLYD DATA pulse, and PLL acquis- 
tion begins. When an additional 38 ‘100’ bit 
groups are detected, the Read Reference 
Clock output (RRC) is switched to the VCO 
Clock divided by 2, the 4T Detect circuitry is 
inhibited, and the Address Mark Detection 
circuitry is enabled. If a 4T detect pulse occurs 
before 48 Preamble ‘1’ bits are detected, then 
the PLL is locked back to the crystal reference 
oscillator, the RRC output is switched to the 
crystal reference oscillator divided by 2, the 
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Input Counter reset, and the sequence is re- 
started. No short duration glitches will occur at 
the RRC output during this switching. 


ADDRESS MARK DETECTION: 


The circuit searches for the occurrence of the 
5EAx16 Address Mark. If an Address Mark is 
detected prior to the Input Counter reaching 
count 80, the correct phase of the RRC is 
ensured by resetting the n/2 divider, the AMD 
output is latched low, the PLL training 
sequence is terminated, andthe Read Modeis 
entered allowing the data field to be read. Ifthe 
Input Counter reaches count 80 before the 
Address Mark is detected, the PLL is locked 
back to the crystal reference oscillator, the 
RRC output is switched to the crystal 
reference oscillator divided by 2, and the PLL 
training sequence is restarted when the Input 
Counter reaches count 96. Figure 5 depicts 
the Address Mark detection sequence. 


c) 


HARD SECTOR MODE 


In the Hard Sector mode (SOFT/HARD = 0) the SSI 
32D535 utilizes a 4T (1000) Preamble Field and dis- 
ables the Preamble Search and Address Mark detec- 
tion circuitry. It allows the PLL to be controlled directly 
by RG for Hard Sector format operation. With the 
absence of an Address Mark, the 4T Preamble Field is 
utilized to properly set the bit cell alignment boundaries 
for proper decoding. 


When RG transitions high, as depicted in Figure 6, 
reference input to the PLL is switched from the crystal 
reference oscillator to DLYD DATA, the VCO is phase 
reset to the next DLYD DATA pulse, and the PLL 
acquisition begins. When 32 ‘1’ Preamble bits are 
detected, the RRC output is switched to the VCO clock 
divided by 2, and the Read Mode is entered allowing 
the data field to be read. 
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In the Hard Sector mode, the NRZ output is inverted 
and will remain low until the data field is read, as shown 
in Figure 7. Since the Preamble Search circuitry is not 
utilized, the external one-shot timing components (Cd, 
Rd) are not required and the SDS pin can be left open. 


WRITE OPERATION 


In the Write Mode the SSI 32D535 converts NRZ data 
from the controller into 2, 7 RLL formatted data for 
storage onto the disk. The SSI 32D535 can operate 
with a soft or hard sectored disk drive. In the Soft 
Sector Mode, (SOFT/HARD = 1) the device generates 
a 3T Preamble Field and can insert a N7V Address 
Mark. The N7V Address Markis a valid 2, 7 RLL pattern 
which is not contained in the code set. In the Hard 
Sector Mode, (SOFT/HARD = 0) the device generates 
a4T Preamble Field and no Address Mark. Serial NRZ 
data is clocked into the SSI 32D535 and latched on 
defined cell boundaries. The NRZ input data must be 
synchronous with the rising edges of the WCLK input. 
The WCLK input is a feature provided for operation in 
an ESDI application to compensate for large cable 
delays. In a SCSI or ST506 operation, WCLK is 
connected directly to the RRC output. 


Write precompensation circuitry is provided to com- 
pensate for media bit shift caused by intersymbol 
interference. The SSI 32D535 recognizes specific 
write data patterns and can add or subtract delays in 
the time position of write data bits to counteract the 
read back bit shift. The magnitude of the time shift, TC, 
is determined by an external R-C network on the PCS 
pin given by: 


TC= 0.15 (Rp)(Cp + Cs) 
with RP 2 2.0 kQ, Cs = stray capacitance 


When the ENABLE WRITE PRECOMP, EWP, input is 
low the SSI 32D535 performs write precompensation 
according to the algorithm outlined in Table 4. 


SSI 32D535 


Data Synchronizer/ 
2,7 RLL ENDEC 
with Write Precompensation 


SOFT SECTOR MODE 


In the Soft Sector Mode, when WRITE GATE (WG), 
transitions high and the NRZ input is held low, the SSI 
32D535 automatically generates the 3T (100) Pre- 
amble Field at the WRITE DATA (WD), output. The 3T 
Preamble Field will continue to be generated until the 
first low to high transition on the NRZ line. As shown in 
Figure 8, the first low to high transition occurs with the 
second bit ‘1’ of the 516 (0101) in the 5EAx1e Address 
Mark generation pattern. To generate the Address 
Mark, the SSI 32D535 automatically changes the ‘1’ in 
the eleventh position (see note 3) of the 2, 7 RLL 
encoded sequence, to a ‘0’. This generates a pattern of 
seven zeros followed by two zeros. This unique pattern 
satisfies the 2, 7 RLL constraints, but will never occur 
during a normal encoding sequence. The xie of the 
5EAxie Address Mark generation pattern can be se- 
lected, a ‘Cie’ (1100) was utilized in this example. 


HARD SECTOR MODE 


In the Hard Sector Mode, when WG goes high and the 
NRZ input is held low, the SSI 32D535 automatically 
generates the 4T (1000) Preamble Field at the WRITE 
DATA, WD, output. Note that in the Hard Sector mode, 
the NRZ input is inverted, therefore a constant low is 
equivalent to an ‘11...’ input which generates the 4T 
‘1000...’ Preamble Field. The 4T Preamble Field will 
be generated between the time WG goes high and the 
first low to high transition on the NRZ line. The 32D535 
requires a minimum of 32 4T (1000) bit groups prior to 
the data field. 


000100 
100100 | 


00100100 | 
00001000 


TABLE 2: Mode Control 
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TABLE 3 : Decode Window Symmetry Control 


ENCODED 2, 7 RLL DATA PATTERN 
COMPENSATION 


TABLE 4 : Write Precompensation Algorithm 
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AVERAGE 


AVERAGE OUTPUT CURRENT 


OUTPUT CURRENT 


@ ERROR . . @ERROR 


2u 


a) HARMONIC MODE b) NON-HARMONIC MODE 


Notes: 1) lois the magnitude of the charge pump current 
2) Phase error is relative to the VCO period 


FIGURE 1: Phase Detector Transfer Function 


2,7 RLL DATA 


1/4 CELL 


RRC 
(DECODE WINDOW) 


PHASE DET 
ENABLE 


FIGURE 2: Data Synchronization Waveform Diagram 
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RRC RRC RRC 
(DECODE (DECODE (DECODE 
WINDOW) WINDOW) WINDOW) 


(a) EARLY (b) NORMAL (c) LATE 


FIGURE 3: Decode Window 


3T (100) PREAMBLE FIELD ADDRESS FIELD 


RG 


sees PODQOODQ2 PIII ILIKE 
XTAL 
OLYD DATA 


ADDRESS — MARK 9 
DETECT ENABLE 


PLL REF 2 


VCO RESTART 2 


2 vco 
RC SOURCE 
n aaa XTAL 


POQOOODDOOD DI KKKKAD 
INPUT COUNTER 2 rh 


0 10 48 80 


Notes: 1) Dashed lines represent conditions where AMD did not occur 
2) Representations of internal signals 


3) Dotted lines represent a high impedance output state 


FIGURE 4: Soft Sector Mode Timing Diagram 
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VCO OUT?” 


RRC 


DECODED 
DATA 


Notes: *1) These four bits can be any combination, C16 (1100) was selected in this example 
*2) The 5E16 of the 5EAx16 Address Mark is not read back 
*3) Representations of internal signals 


FIGURE 5: Address Mark Detection and NRZ Output Waveform 


47 (1000) PREAMBLE FIELD DATA FIELD 


PLL REF? 
DLYD DATA 


VCO RESTART® | | | | 


2 VCO 
RRC SOURCE ; | | 
XTAL 


INPUT COUNTER a a aa a a a ae 


0 32 


Notes: 1) Dashed lines represent a high impedance output state 
2) Representations of internal signals 


FIGURE 6: Hard Sector Mode Timing Diagram 
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31 32 


INPUT COUNTER 


ENCODED 2, 7 DATA | 1[o] o]o 1[o| ofo t{ofo]+fofolofsfo]o]sfo]ojofofo] oj 1] ofo| 


RD 


DLYD DATA! 


vco out! 


POO OOOOOO 
DECODED NRZ DATA 


NRZ OUTPUT”. 


Notes: *1) Representations of internal signals 
*2) In hard sector mode the NRZ output is inverted 


FIGURE 7: Hard Sector Mode Decode Timing 


+———__ 54, ——__»>+—_____ Eg. —__ > + Ag. — > + X" ——_>+—— pata ——> 
Net OTA aie 1| asta [aoe A ae | ae dea foes) ase a S| occa) att so] ape be, as To | 
ale te 0 1 0 1 1 1 1 0 1 0 1 0 1 1 0 0 0 0 1 


| 
NRZ 


vco out?” 


RRC (WCLK) 


Li 
ewcovepaim Lololsfofo[sfolofsfofo]sfofofsfolofsfolofolsfofofofsfofolsfolofofrfofoj+fofofo| 


Notes: *1) X16 can be any combination, C16 (1100) was selected in this example 
*2) Representation of internal signal 
*3) Deleted output pulse to encode Address Mark 


FIGURE 8: Write Address Mark Generation 
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ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may permanently damage the device. - 


Junction Operating Temperature, Tj 


DC ELECTRICAL CHARACTERISTICS - unless otherwise specified, 4.75V < VCC 
< 5.25V, Ta = 0°C to 70°C, 7.5 MHz < 1/TORC < 10 MHz, 15 MHz < 1/TVCO < 20 MHz 


VIL, Low Level Input Voltage 
IIH, High Level Input Current 
IIL, Low Level Input Current 


Test Point Outputs: DRD, VCO CLK (See Figure 12) 


VOH, High Level Ouput Voltage RL= 130 to VPD, 
2002 to DGND 


VOL, Low Level Output Voltage RL= 130Q to VPD, 
200Q to DGND 
ICC, Power Supply Current All outputs open ae 


DYNAMIC CHARACTERISTICS AND TIMING 
READ MODE (See Figure 9) 


TRD, Read Data Pulse Width ee 
TFRD, Read Data Fall Time 2.0V to 0.8V, CL < 15 pF 


0.8V to 2.0V, CL < 15 pF 
2.0V to 0.8V, CL < 15 pF 


TRRC, Read Clock Rise Time 
TFRC, Read Clock Fall Time 
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READ MODE (Continued) 


PARAMETER CONDITIONS 
TPNRZ, NRZ (out) 

Propagation Delay 

TPAMD, AMD 

Propagation Delay 


TD = 6.14(RR +0.5) 
+ 0.172 Rd (Cd +Cs)** 
RR = kQ 
Rd = kQ 
Cd = 68 pF to 100 pF 


* Excludes External Capacitor and Resistor Tolerances 
WRITE MODE (See Figure 10) 


PARAMETER CONDITIONS | MINS 
TWD, Write Data Pulse Width CL <15 pF (TOWC/2)-12-1.4TC}(TOWC/2) +12 
TFWD, Write Data Fall Time 2.0V to 0.8V, CL < 15 pF 


1/4 Cell + Retriggerable 
One-Shot Delay* 


**Cs = Stray Capacitance 


TRWC Write Data 

Clock Rise Time 0.8V to 2.0V 
TFWC_ Write Data 

Clock Fall Time 2.0V to 0.8V 


TWDC_ Compensated Write 
Data Pulse Width CL < 15 pF (TOWC/2)-2.4TC-12 


TE, TL Write Data 


Cs = Stray Capacitance 
Cp = 15 pF to 36 pF 


TVCO VCO Center Frequency VCO IN = 2.7V 
Period TO = 1.23E - 11(RR +500) 
VCC = 5.0V 
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DATA SYNCHRONIZATION (Cont.) 


PARAMETER CONDITIONS 7 
VCO Frequency 1.0V < VCO IN < VCC -0.6V 
Dynamic Range VCC = 5.0V 
KVCO VCO Control Gain wo = 2x /TO 
1.0V < VCO IN < VCC -0.6V 


K 


D Phase Detector Gain | KD =0.309 / (RR + 500) 
VCC = 5.0V | 0.83 KD 
KVCO x KD Product 
Accuracy 
Decode Window | 
Centering Accuracy 
TS1 Decode Window Time 
Shift Magnitude © TS1 = 0.015 TORC 
TS2 Decode Window Time | 
Shift Magnitude TS2 = 0.06 TORC 
TS3 Decode Window Time 
Shift Magnitude TS3 = 0.075 TORC 
TSA Decode Window Time 680 +R 
Shift Magnitude TSA=0.125 TORC (1 — RST 


with: R in ohms 


* Not directlly testable — Design Characteristics 


CONTROL CHARACTERISTICS (See figure 11) 


: i 
TSWS, WSO, WST, WSD _ 
Set Up Time 


THWS, WSO, WS1, WSD 
Hold Time 

RG, WG, SOFT/HARD 
Time Delay 


REFERENCE CLOCK CHARACTERISTICS 


Min. Negative Pulse Width 19.23 
Min. Positive Pulse Width 


| TXPW, Crystal Input Pulse Width 


(Reference Oscillator 
See Figure 10) 
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FIGURE 9: Read Timing 


FIGURE 10: Write Timing 
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FIGURE 11: Control Timing 
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FIGURE 12: Test Point Timing 
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FIGURE 13: Typical SS! 32D535 Application 
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PACKAGE PIN DESIGNATIONS 


(Top View) 
EWP | 1 32 oe SOFT/HARD <x (a an ¢p) Q 
we [] 2 31 |] pcs ofgeses 
VPA [_| 3 30 [_] WD a = 
Soka 29 |_| VPD RG [15 25 1] XTAL2 
aes 28 | _J NIC SDS [| 6 241] XTALt 
RG[_]|6 27 [__] XTAL2 
| sps [7 96 |] XTALT VCO IN [17 23 1] DGND 
| EPD [_]| 8 25 |_|] DGND PD OUT [| 8 22 [] RRC 
| VCO IN [_] 9 24 [__] RRC AGND [19 21 1] WCLK 
| PD OUT [_] 10 23 [_] WCLK Rs 1] 10 20 1 NAZ 
AGND [_] 11 22 [_] NRZ ea Hau 
RS [_] 12 21 [_] AMD P 
RF [_] 13 20 [_] WSL ms i 
IREF [_] 14 19 [—] WSD HBESE 23 
WSO 18 {| WS1 ~ Q 
RD 17 |__] VCO CLK = 
32-Lead SOW | 28-Pin PLCC 


Note: This package is bonded out for soft sector 
applications only. (SOFT/HARD) pin internally 
pulled up). SDO and EPD are not available in this 
package. 


ORDERING INFORMATION 


PART DESCRIPTION ORDER NO. | PKG MARK | 


SSI 32D535 32-Pin Small Outline - Wide 32D535 - CW 32D535 - CW 
SSI 32D535 28-Pin PLCC 32D535 - CH 32D535 - CH 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 
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DESCRIPTION 


The SSI 32D5351A Data Separator provides data 
recovery, data encoding, and write precompensation 
for storage systems which employ a 2, 7 RLL encoding 
format. Data synchronization is performed with a fully 
integrated high performance PLL. An improved zero 
phase restart technique is used to minimize PLL acqui- 
sition time. The SSI 32D5351A has been optimized for 
operation at multiple data rates between 8 to 16 Mbit/s 
with multiple TTL clock schemes or the 32D4661 Time 
Base Generator. The VCO frequency setting elements 
are incorporated within the SSI 32D5351A for en- 
hanced performance and reduced board space. Data 
rate is established with a single external programming 
resistor. The SSI 32D5351A utilizes an advanced 
bipolar process technology which affords precise de- 
code window control without the requirement of an 
accurate 1/4 cell delay or external devices. To enhance 
disk drive testability, decode window symmetry control 
is available through a digital uP port and/or two analog 
pins. This feature can facilitate defect mapping, auto- 
matic calibration, systematic error cancellation, win- 
dow margin testing, and error recovery. The SSI 
32D5351A requires a single +5V power supply and is 
available in 32-pin SOW and 28-Pin PLCC packages. 
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Preliminary Data 


November 1991 
FEATURES 


¢ Data Synchronizer and 2,7 RLL ENDEC 

¢ Fast Acquisition Phase Locked Loop 
- Improved Zero Phase Restart Technique 

¢ Write Precompensation 

* 8-13 Mbit/s Operation Programmed with a 
Single External Resistor 

¢ Input Reference Clock Circuitry Optimized 
for use with Constant Density Recording 
Applications 

¢ ESDI compatible (Hard Sector) 

¢ Programmable Decode Window Symmetry 
via a wP Port and/or Analog Pins 

e¢ Fully Integrated Data Separator 
- No External Delay Lines or Active Devices 

Required 

¢ Crystal Controlled Reference Oscillator 

¢ Hard/Soft Sector Operation 

e =+5V Operation 

¢ 32-Pin SOW, 28-Pin PLCC Packages 


PIN DIAGRAM 


= wa 3k 
re SOFT/HARD 


1 
2 PCS 
3 WD 
4 VPD 
VCO CLK 
5 NC 
RAC i) XTAL2 
7 XTAL1 
8 DGND 
9 RRC 
de WCLK 
WG 
NRZ 
AMD 
] WSL 
[] AND 
T ae wsD 
SOFT/AHARD 
Wsi 


VCO CLK 


items _ = CAUTION: Use handling procedures necessary 
Rae Nica for a static sensitive component. 
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PIN DESCRIPTIONS 


INPUT PINS 


TYPE | DESCRIPTION 


READ DATA: Encoded Read Data from the disk drive read channel, active low. 


READ GATE: Selects the PLL reference input and initiates the PLL synchronization 
sequence. A high level selects the RD input and enables the Read Mode/Address 
Mark Detection sequences. A low level selects the crystal reference oscillator. Pin 
RG has an internal resistor pull-up. 


WRITE GATE: Enables the write mode. Pin WG has an internal resistor pull-up. 


WINDOW SYMMETRY LATCH: Used to latch the input window symmetry control 
bits WSD, WSO and WS‘ into the internal DAC. An active high level latches the input 
bits. Pin WSL has an internal resistor pull-up. If unused, connect this pin to ground. 


WINDOW SYMMETRY DIRECTION: Controls the direction of the optional window 
symmetry shift. Pin WSD has an internal resistor pull-up. If unused, this pin can be 
left open. 


WINDOW SYMMETRY CONTROL BIT: A low level introduces a window shift of 1.5 | 
% TORC (Read Reference Clock Period) in the direction established by WSD. Pin 
WSO has an internal resistor pull-up. If unused, this pin can be left open. 


WINDOW SYMMETRY CONTROL BIT: A low level introduces a window shift of 6% 
TORC (Read Reference Clock Period) in the direction established by WSD. A low 
level at both WSO and WS1 will produce the sum of the two window shifts. Pin WSs1 
has an internal resistor pull-up. If unused, this pin can be left open. 


SOFT/HARD SECTOR: Selects the address mark and the Preamble field patterns. 
A high level (Soft Sector) selects a 3T Preamble Field pattern and a non-violating 2, 
7 address mark, N7V. A low level (Hard Sector) selects a 4T Preamble Field pattern 
and disables the address mark circuitry. Pin SOFT/HARD has an internal resistor 
pull-up. 
WRITE CLOCK: Write Clock input. Must be synchronous with the Write Data input 
on the NRZ Data Port. For small cable delays, WCLK may be connected directly to 
pin RRC (Read/Reference Clock). 


ENABLE PHASE DETECTOR: A low level (Coast Mode) disables the phase 
detector and allows the VCO to coast. Pin EPD has an internal resistor pull up. 


ENABLE WRITE PRECOMPENSATION: A low level enables Write Precompensa- 
tion. Pin EWP has an internal resistor pull-up. 


SOFT/HARD 


WCLK 
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PIN DESCRIPTIONS (Cont.) 


OUTPUT PINS 
DESCRIPTION 
WRITE DATA: Encoded write data output, active low. 


READ/REFERENCE CLOCK: A multiplexed clock source used by the controller. 
In the read mode, this clock is the VCO frequency divided by two (1/TORC) and 
in the write mode it is the crystal reference frequency divided by two (1/TORO). No 
short clock pulses are generated during a mode change. 


ADDRESS MARK DETECT: In the soft sector Read Mode, a latched low level 
output indicates that an address mark has been detected. In non-Read modes 
AMD is configured as a high impedance output. 


SYNC DETECT OUTPUT: An active low output that indicates successful detection 
of the 3T Preamble sync field. THE SDO pin is not a TTL level signal. 


VCO CLK: An open emitter VCO clock test point. Two external resistors are 


required to utilize this output, they can be removed during normal operaton for 
reduced power dissipation. 


DELAYED READ DATA: Test point. The positive edges of this open emitter output 
signal indicate the data bit position. The positive edges of the DRD and the VCO 
CLK signals can be used to estimate window centering. The time jitter of DRD's 
positive edge is an indication of media bit shift. Two external resistors are required 
to perform this test, they can be removed during normal operation for reduced 
power dissipation. 


TIMING PROGRAM PIN: The VCO center frequency and the 1/4 Cell Delay are 
a function of the current sourced into pin IREF. The current is set by an external 
resistor, RR, connected from IREF to VPA. 


PRECOMP SET: Used to set the magnitude of the Write Precompensation time 
shift via an external capacitor, Cp to VPA and an external resistor, Rp to AGND. 


CRYSTAL OSCILLATOR CONNECTIONS: If a crystal oscillator is not 
desired, XTAL1 maybe driven by a TTL source* with XTAL2 open. The frequency 
must be at twice the data rate. 


PHASE DETECTOR OUTPUT: Drives the Loop Filter input. 


VCO CONTROL INPUT: Driven by the Loop Filter output. 


* See Clock Characteristics 
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PIN DESCRIPTIONS (cont) 


aa PINS (Cont.) 


NAME —| TYPE _ DESCRIPTION a 


SYNC DETECT SET: Used to program the sync detect retriggerable one-shot timing 
with an external R-C network. connee the capacitor, Cd, to VPA and the resistor, 
Rd, to AGND. 


| RF, RS WINDOW SYMMETRY ADJUST PINS: Provides analog control over the decode 
| window symmetry; typically used to null out any window symmetry offset. A resistor 
| connected from either RF or RS to AGND will provide magnitude and direction 


control. They can be used in conjunction with the digital control port WSD, WSO, 
WS1. 


POWER 


DGND, AGND 


| | DIGITAL AND ANALOG GROUND | 
| 1 | ANALOG 45V 
| 1 | DIGITAL +5V | 
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The SSI 32D5351A is designed to perform data recov- 
ery and data encoding in rotating memory systems 
which utilize a 2, 7 RLL encoding format. In the Read 
Mode the SSI 32D5351A performs Data Synchroniza- 
tion, Sync Field Search and Detect, Address Mark 
Detect and Data Decoding. In the Write Mode, the SSI 
32D5351A converts NRZ data into the 2,7 RLL format 
described in Table 1, performs write precompensation, 
generates the Preamble Field, and inserts Address 
Marks as requested. The interface electronics and 
architecture of the SSI 32D5351A have been opti- 
mized for use aS a companion device to the SSI 
32C452A or AIC 010 controllers. 


The SSI 32D5351A can operate with data rates rang- 
ing from 8 to 16 Mbit/s. This data rate is established by 
a single 1% external resistor, RR, connected from pin 
IREF to VPA. This resistor establishes a reference 
current which sets the VCO center frequency, the 
phase detector gain, and the 1/4 cell delay. The value 
of this resistor is given by: 


RR = 76-1.75 (kQ) 
DR 


where: DR = Data Rate in Mbit/s. 
4.1 kQ < RR < 7.75 kQ 


An internal crystal reference oscillator, operating at 
twice the data rate, generates the standby reference 
forthe PLL. A series resonant crystal between XTAL1 
and XTAL2 should be selected at twice the Data Rate. 
lf acrystal oscillator is not desired, then an external TTL 
compatible reference may be applied to XTAL1, leav- 
ing XTAL2 open. 


The SSI 32D5351A employs a Dual Mode Phase 
Detector; Harmonic in the Read Mode and Non-Har- 
monic in Write and Idle Modes. In the Read Mode the 
Harmonic Phase Detector updates the PLL with each 
occurrence of a DLYD DATA pulse. In the Write and 
Idle Modes the Non-Harmonic Phase Detector is con- 
tinuously enabled, thus maintaining both phase and 
frequency lock. By acquiring both phase and frequency 
lock to the crystal reference oscillator and utilizing an 
improved zero phase restart technique, false lock to 
DLYD DATA is eliminated. 
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The phase detector incorporates a charge pump in 
order to drive the loop filter directly. The polarity and 
width of the output current pulses correspond to the 
direction and magnitude of the phase error. Figure 1 
depicts the average output current as a function of the 
input phase error (relative to the VCO period). 


The READ GATE (RG), and WRITE GATE (WG), 
inputs control the device mode as describedin Table 2. 
RG is an asynchronous input and may be initiated or 
terminated at any position on the disk. WG is also an 
asynchronous input, but should not be terminated prior 
to the last output Write Data pulse. 


READ OPERATION 


The Data Synchronizer utilizes a fully integrated fast 
acquisition PLL to accurately develop the decode win- 
dow. Read Gate, RG, initiates the PLL locking seq- 
uence and selects the PLL reference input; a high level 
(Read Mode) selects the RD input and a low level se- 
lects the crystal reference oscillator. 


In the Read Mode the rising edge of DLYD DATA 
enables the Phase Detector while the falling edge is 
phase compared to the rising edge of the VCO. As 
depicted in Figure 2, DLYD DATA is a 1/4 cell wide 
(TVCO/2) pulse whose leading edge is defined by the 
leading edge of RD. An accurate and symmetrical de- 
code window is developed from the VCO clock. The 
decode window is generated from the falling edges of 
the VCO clock. By utilizing a fully integrated symmet- 
rical VCO running at twice the data rate, the decode 
window is insured to be accurate and centered sym- 
metrically about the falling edges of DLYD DATA. The 
accuracy of the 1/4 cell delay only affects the retrace 
angle of the phase detector and does not influence the 
accuracy of the decode window. 


Shifting the symmetry of the VCO clock effectively 
shifts the relative position of the DLYD DATA pulse 
within the decode window. This powerful capability 
easily facilitates defect mappings, automatic calibra- 
tion, window margin testing, error recovery, and sys- 
tematic error cancellation. For enhanced disk drive 
testability and error recovery, decode window controlis 
provided via a pP port (WSL, WSD, WSO, WS1) as 
described in Table 3. In applications not utilizing this 
feature, WSL should be connected to ground, while 
WSD, WSO, and WS1 can be left open. 
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Window shifts in the range of +1.5% to 7.5% of TORC 
are easily programmed by latching the appropriate 
control word into the Window Shift Register with the 
WSL pin. Shifts in the positive or negative directions 
result in early or late decode windows respectively, as 
depicted in Figure 3. Additionally, for small systematic 
error cancellation, a resistor, R, connected from either 
RS (Early) or RF (Late) to ground will provide analog 
control over the decode window. The magnitude of this 
shift, TSA is determined by: 


TSA =0.125 TORC/1 -680+R_ 
1180+R 


where: R is in ohms 


Pins RF and RS are intended to be used as a trim and 
should be restricted to +1.5% window shifts. They can 
be used in conjunction with the digital control port. 


The VCO CLK and DRD outputs can be used to esti- 


mate window centering and data bit shift. The rising 
edges of VCO CLK indicate the data detection window 
edges. The rising edge of DRD indicates the data bit 
position relative to the decode window. Two external 
resistors are required during such testing. A pull-up 
resistor of 130Q should be connected to VPD, while a 
pull-down resistor of 200Q should be connected to 
DGND. The resistors can be removed during normal 
operation to reduce power dissipation. 


In Non-Read Modes, the PLL is locked to the crystal 
reference oscillator. This forces the VCO to run at a 
frequency which is very close to that required for 
tracking actual data and thus minimizes the associated 
frequency step during acquisition. When the reference 
input to the PLL is switched, the VCO is stopped 
momentarily, then restarted in an accurate phase 
alignment with the next PLL reference input pulse, and 
the VCO clock divider is reset. By minimizing the phase 
alignment in this manner (phase error < 0.5 rads), the 
acquisition time is substantially reduced. 


The SSI 32D5351A provides two sync modes for 
controlling the PLL locking sequence; Soft Sector and 
Hard Sector. 


SOFT SECTOR MODE 


The Soft Sector Mode activates the Preamble Search 
and Address Mark detection circuitry. As depicted in 
Figure 4, when RG transitions high, the counter is reset 
and the SSI 32D5351A requires 10 high to low transi- 
tions (Preamble ‘1’ bits) before switching the reference 
input to the PLL, 48 high to low transitions before 
switching the Read Reference Clock to the VCO clock 
divided by two and activating the Address Mark Detect 
Circuitry; then it must detect the Address Mark prior to 
80 high to low transitions in order to enter the Read 
Mode. This sequence repeats after 95 input ‘1’ bits until 
the read mode is successfully entered or until RG is 
cancelled. 


When RG transitions high, the following PLL locking 
sequence begins: 


a) PREAMBLE SEARCH: 


The 3T detect circuitry initiates the PLL locking 
sequence once it has detected 10 consecutive 
‘100’ bit groups from the 3T preamble field. 
The 3T detect timing is set by the sum of the 1/ 
4 cell delay and the retriggerable one-shot 
delay. The 1/4 cell timing capacitor is included 
on-chip and its timing is externally set by 
resistor RR. The retriggerable one-shot timing 
is externally set by resistor Rd and capacitor 
Cd. The sum of their delays is set to 3.5 bit cell 
times. Therefore, a continuous stream of input 
pulses with a 3T bit cell time pulse rate keeps 
the one-shot reset, and a 4T or longer bit cell 
time input period allows the one-shot to time 
out producing a 4T detect pulse. The 4T detect 
pulse resets the Input Counter and the search 
is started over. 


b) PLL ACQUISITION: 


Once 10 consecutive ‘100’ bit groups are de- 
tected, the reference input to the PLL is 
switched from the crystal reference oscillator 
to the DLYD DATA, the VCO is phase reset to 
the next DLYD DATA pulse, and PLL acquis- 
tion begins. When an additional 38 ‘100’ bit 
groups are detected, the Read Reference 
Clock output (RRC) is switched to the VCO 
clock divided by 2, the 4T Detect circuitry is 
inhibited, and the Address Mark Detection 
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Circuitry is enabled. If a 4T detect pulse occurs 
before 48 Preamble ‘1’ bits are detected, then 
the PLL is locked back to the crystal reference 
oscillator, the RRC output is switched to the 
crystal reference oscillator divided by 2, the 
Input Counter reset, and the sequence is re- 
started. No short duration glitches will occur at 
the RRC output during this switching. 


Cc) ADDRESS MARK DETECTION: 


The circuit searches for the occurrence of the 
5EAx1e Address Mark. If an Address Mark is 
detected prior to the Input Counter reaching 
count 80, the correct phase of the RRC is 
ensured by resetting the n/2 divider, the AMD 
output is latched low, the PLL training seq- 
uence is terminated, and the Read Mode is 
entered allowing the data field to be read. If the 
Input Counter reaches count 80 before the 
Address Mark is detected, the PLL is locked 
back to the crystal reference oscillator, the 
RRC output is switched to the crystal 
reference oscillator divided by 2, and the PLL 
training sequence is restarted when the Input 
Counter reaches count 96. Figure 5 depicts 
the Address Mark detection sequence. 


HARD SECTOR MODE 


In the Hard Sector mode (SOFT/HARD = 0) the SSI 
32D5351A utilizes a 4T (1000) Preamble Field and 
disables the Preamble Search and Address Mark de- 
tection circuitry. It allows the PLL to be controlled 
directly by RG for Hard Sector format operation. With 
the absence of an Address Mark, the 4T Preamble 
Field is utilized to properly set the bit cell alignment 
boundaries for proper decoding. 


When RG transitions high, as depicted in Figure 6, 
reference input to the PLL is switched from the crystal 
reference oscillator to DLYD DATA, the VCO is phase 
reset to the next DLYD DATA pulse, and the PLL 
acquisition begins. When 32 ‘1’ Preamble bits are 
detected, the RRC output is switched to the VCO clock 
divided by 2, and the Read Mode is entered allowing 
the data field to be read. 
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In the Hard Sector mode, the NRZ output is inverted 
and will remain low until the data field is read, as shown 
in Figure 7. Since the Preamble Search circuitry is not 
utilized, the external one-shot timing components (Cd, 
Rd) are not required and the SDS pin can be left open. 


WRITE OPERATION 


In the Write Mode the SSI 32D5351A converts NRZ 
data from the controller into 2, 7 RLL formatted data for 
storage onto the disk. The SSI 32D5351A can operate 
with a soft or hard sectored disk drive. In the Soft Sector 
Mode, (SOFT/HARD = 1) the device generates a 3T 
Preamble Field and can insert a N7V Address Mark. 
The N7V Address Mark is a valid 2, 7 RLL pattern which 
is not contained in the code set. In the Hard Sector 
Mode, (SOFT/HARD = 0) the device generates a 4T 
Preamble Field and no Address Mark. Serial NRZ data 
is clocked into the SS! 32D5351A and latched on 
defined cell boundaries. The NRZ input data must be 
synchronous with the rising edges of the WCLK input. 
The WCLK input is a feature provided for operation in 
an ESDI application to compensate for large cable 
delays. In a SCSI or ST506 operation, WCLK is con- 
nected directly to the RRC output. 


Write precompensation circuitry is provided to com- 
pensate for media bit shift caused by intersymbol 
interference. The SSI 32D5351A recognizes specific 
write data patterns and can add or subtract delays in 
the time position of write data bits to counteract the 
read back bit shift. The magnitude of the time shift, 
TPC, is determined by an external R-C network on the 
PCS pin given by: 


TPC = 0.15 (Rp)(Cp + Cs) 
Cp = 15 to 36 pF 
Rp = 1kto 3 kQ 
Cs = Stray capacitance 


When the ENABLE WRITE PRECOMP, EWP, input 
is low the SSI 32D5351A performs write pre- 
compensation according to the algorithm outlined in 
Table 4. 
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SOFT SECTOR MODE 


In the Soft Sector Mode, when WRITE GATE (WG), 
transitions high and the NRZ input is held low, the SSI 
32D5351A automatically generates the 3T (100) Pre- 
amble Field at the WRITE DATA (WD), output. The 3T 
Preamble Field will continue to be generated until the 
first low to high transition on the NRZ line. As shown in 
Figure 8, the first low to high transition occurs with the 
second bit ‘1’ of the 516 (0101) in the 5EAx1e Address 
Mark generation pattern. To generate the Address 
Mark, the SSI 32D5351A automatically changes the ‘1’ 
in the eleventh position (see note 3) of the 2, 7 RLL 
encoded sequence, to a ‘0’. This generates a pattern of 
seven zero's followed by two zero's. This unique pat- 
tern satisfies the 2, 7 RLL constraints, but will never 
occur during a normal encoding sequence. The xie of 
the 5EAx1s Address Mark generation pattern can be 
selected, a ‘Cie’ (1100) was utilized in this example. 


HARD SECTOR MODE 


In the Hard Sector Mode, when WG goes high and the 
NRZ input is held low, the SS! 32D5351A automatically 
generates the 4T (1000) Preamble Field at the WRITE 
DATA, WD, output. Note that in the Hard Sector mode, 
the NRZ input is inverted, therefore a constant low is 
equivalent to an ‘11...’ input which generates the 4T 
‘1000...’ Preamble Field. The 4T Preamble Field will 
be generated between the time WG goes high and the 
first low to high transition on the NRZ line. The 
32D5351A requires a minimum of 32 4T (1000) bit 
groups prior to the data field. 


00001000 


TABLE 2: Mode Control 
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TABLE 3 : Decode Window Symmetry Control 


ENCODED 2, 7 RLL DATA PATTERN 


TABLE 4 : Write Precompensatiom Algorithm 
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AVERAGE 


AVERAGE OUTPUT CURRENT 


OUTPUT CURRENT 


@ ERROR @ ERROR 


a) HARMONIC MODE b) NON-HARMONIC MODE 


Note 1) lo is the magnitude of the charge pump current. 
2) Phase error is relative to the VCO period 


FIGURE 1: Phase Detector Transfer Funtion 


2, 7 RLL DATA 


vco 


RRC 
(DECODE WINDOW) 


PHASE DET 
ENABLE 


FIGURE 2: Data Synchronization Waveform Diagram 
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RRC RRC 
(DECODE (DECODE 
WINDOW) WINDOW) 


(a) EARLY (b) NORMAL (c) LATE 


FIGURE 3: Decode Window 


3T (100) PREAMBLE FIELD ADDRESS FIELD 


PROD DPD DD IDI XIII 


[rotor rrr renner nrc n nnn nnn en 


XRKKAKXRKXLRKLKLKAKKAAX 


0 10 48 80 


Notes: 1) Dashed lines represent conditions where AMD did not occur 
2) Representations of internal signals 
3) Dotted lines represent a high impedance output state 


FIGURE 4: Soft Sector Mode Timing Diagram 
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vco ouT?" 


RRC 


DECODED 
DATA 


—_——_____________ SYNC FIELD ———_—__+«—-______. Ag ———>| «+ ___—__ . , ,! ———_> 


Notes: *1) These four bits can be any combination, Cie (1100) was selected in this example 
*2) The 5E:6 of the SEAx:6 Address Mark is not read back 
*3) Representations of internal signals 


FIGURE 5: Address Mark Detection and NRZ Output Waveform 


4T (1000) PREAMBLE FIELD DATA FIELD 


PLL REF® 
DLYD DATA 


VCO RESTART®. | | ee = 


NRZ ~~ "7 BOODDODOKOKKOF- 
INPUT COUNTER SS ee ee 
32 


¢] 


RRC SOURCE” 


Notes: 1) Dashed lines represent a high impedance output state 
2) Representations of internal signals 


FIGURE 6: Hard Sector Mode Timing Diagram 
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31 32 
INPUT COUNTER 


ENCODED 2, 7 DATA | 1 Jo]olo 1|o|o|o sfofo]sfofofofsfofo]sfofofofofo]o]s| ofo| 


RD 


DLYD DATA 


vco out!” 


DECODED NRZ DATA 


NRZ OUTPUT? 


NOTE: 1*) Representation of internal signal 
2*) In hard sector mode the NRZ output is inverted 


FIGURE 7: Hard Sector Mode Decode Timing 


———— 54, + Eg —— + _ A, —_—_- + Xie. —_——__t+——— DATA ——> 
suisse Aca a a a UR ea 0 ao eee ee a 
CELLS 0 0 0 1 1 1 1 0 1 0 0 1 1 0 0 0 0 1 


NRZ 


VCO OUT 2° 


RRC (WCLK) 


Wo a ke ee 


ee! 
Encore tia Leloltfololsfofolrfolofrfofo]sfolo}sfofofolafolofofsfofolsfofofofsfofols{ololo| 


NOTE: 1*) X16 can be any combination, C16 (1100) was selected in this example 
2*) Internal signal 
3*) Deleted output pulse to encode Address Mark 


FIGURE 8: Write Address Mark Generation 
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ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 


PARAMETER RATINGS 


Storage Temperature -65 to +150 
Ambient Operating Temperature, Ta 0 to +70 
Junction Operating Temperature, Tj 0 to +130 a ae 


Supply Voltage, VCC -0.5to 7 
Voltage Applied to Logic inputs -0.5 to VCC +0.5 


DC ELECTRICAL CHARACTERISTICS - unless otherwise specified, 4.75V < VCC 
< 5.25V, Ta = 0°C to 70°C, 8 MHz < 1/TORC < 16 MHz, 16 MHz < 1/TVCO < 32 MHz 


VIL, Low Level Input Voltage Lae eae sens 
IIH, High Level Input Current VIH = 2.7V 


A 
) 
o>) 


IIL, Low Level Input Current VIL = 0.4V ae 


TTL Outputs: 


VOH, High Level Output Voltage | IOH = -400 LA 


VOL, Low Level Output Voltage lIOL = 4mA 


Test Point Outputs: DRD, VCO CLK (See Figure 12) 
VOH, High Level Ouput Voltage RL= 130Q to VPD, | 

200Q to DGND VPD-1.00 
VOL, Low Level Output Voltage RL= 1300 to VPD, 

2002 to DGND VPD-1.75 


ICC, Power Supply Current All outputs open 


DYNAMIC CHARACTERISTICS AND TIMING 
READ MODE (See Figure 9) 


TRO, Read bataPusewar [—SS*~=~<“~*~*éidsSCSC~CiO 
CTERD, Read Data Fall Time | 20Vto0av,CLetepF [| _ 
TTARG, Read Glock Rise Time | 08Vi020V, cL<t5pF 
CTERG, Read Clock Fall Time | 20V1008V, CL<15pF | 


TRNRZ, Read Data Output Rise Time] 0.8V to 2.0V, CL < 15 pF 
TFNRZ, Read Data Output Fall Time | 2.0V to 0.8V, CL < 15 pF 
Propagation Delay | 


* Input requirements for pulse detector 4-70 1194 - rev. 
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READ MODE (Continued) 


1/4 Cell + Retriggerable 
One-Shot Delay Stability 4.75V < VCC < 5.25V 
( 


1/4 Cell + Retriggerable TD = 4.37 (RR +0.80) 
One-Shot Delay* + 0.155 (Cd +Cs)** 
RR = kQ 
Rd = kQ 
Cd = 68 pF to 100 pF 0.89 TD 1.11 TD 
“Excludes External Capacitor and Resistor Tolerances, Tested Indirectly. 
** Cs = Stray Capacitance [minimized] 


WRITE MODE (See Figure 10) 


PARAMETER CONDITIONS pon | MAX | UNIT 
TWD, Write Data Pulse Width CL < 15 pF (TOWC/2) |(TOWC/2) +12 
-1.4 TPC - 12 


TFWD, Write Data Fall Time 2.0Vto08vV,cL<s15pF | | | 8 | ns | 
TRWC, Write Data* 

Clock Rise Time 0.8V to 2.0V 10 
TFWC Write Data* 

Clock Fall Time 2.0V to 0.8V 

TSNRZ,NRZ(in)SetUpTime | | ts 
THNRZ, NRZ (in) Hold Time ae ae ee ee 


ra: A: 
TWDC, Compensated Write (TOWC/2) 
Data Pulse Width CL < 15 pF -2.4 TPC-12 


TPC = 0.15(Rp)(Cp + Cs) 

Cp = 15 pF to 36 pF 0.8T PC 1.2T PC 
Cs = Stray Capacitance 

Rp = 1k to 3 kQ 


TVCO. VCO Center Frequency VCO IN = 2.7V 
Period TO = 6.59 (RR + 0.53) +8 


TE, TL, Write Data 
Compensation Accuracy 


DATA SYNCHRONIZATION 


PARAMETER 


VCC = 5.0V; RR (kQ) 


* Input requirements for write clock 
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DATA SYNCHRONIZATION (Continued) 


Phase Detector Gain KD = 0.34/ (RR + 900) 
VCC = 5. av. 

*KVCO x KD Product 

Accuracy 

VCO Phase Restart Error 


Decode Window 
Centering Accuracy 


Decode Window Time 
Shift Magnitude 
Decode Window Time 
Shift Magnitude 
Decode Window Time 
Shift Magnitude 
TSA Decode Window Time 
TSA= 0.125 TORC| 1 
Shift Magnitude (1-5 


Decode Window Size ee dl (TORC/2) -2 


with: R in ohms 


THWS WSO, WS1, WSD 
Hold Time 


RG, WG, SOFT/HAR 
Time Delay 


REFERENCE CLOCK CHARACTERISTICS 


TXPW, Reference Oscillator Positive pulse width** a 
Pulse Width 


Negative pulse width** 


*not Greatly testable — design characteristics 
*“measured at 50% point 
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FIGURE 9: Read Timing 


FIGURE 10: Write Timing 
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FIGURE 11: Control Timing 
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FIGURE 12: Test Point Timing 
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FIGURE 13: Typical SSI 32D5351A Application 
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PACKAGE PIN DESIGNATIONS 


(Top View) 
EWP [} 1 SOFT/FARD eSB 8e g 
Lae Ld os] Lael 
WG 2 PCS 3 2 
VPA 3 WD 
SB0 [] 4 VPD 
RD {5 NC 
RG 6 XTAL2 
SDS L XTAL1 
EPD 8 DGND 
VCO IN 9 RRC 
PD OUT WCLK 
AGND NRZ 
RS AMD 
RF WSL 
IREF WSD 
WSO WS1 
DRD VCO CLK | 28-Pin PLCC 
NOTE: Does not following pins which are available on the 32-Pin Packages 
32-Lead SOW SOPTAARD (internally pulled up high) 


So must be used in soft sector applications only. 


ORDERING INFORMATION 


PART DESCRIPTION ORDER NO. | PRG.MARK 
SSI 32D5351A 32-Pin Small Outline - Wide 32D5351A - CW 32D5351A - CW 
SSI 32D5351A 28-Pin Plastic - Quad 32D5351A - CH 32D5351A - CH 


Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations and 
are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 


Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 
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November 1991 
DESCRIPTION FEATURES 


The SSI 32D5362A Data Synchronizer/1, 7 RLL ° Data Synchronizer and 1,7 RLL ENDEC 
ENDEC provides data recovery anddataencodingfor , 10 to 20 Mbit/s operation 

storage systems which employ a 1, 7 RLL encoding — Data Rate programmed with a single external 
format. Data synchronization is performed with a fully resistor or current source 


integrated high performance PLL. Azero phase restart : 
technique is used to minimize PLL acquisition time. >. Ep UMized tOr operation wihihe sersscseos 


The SSI 32D5362A has been optimized for operation controller. 

as acompanion device to the SSI32C9000 controller. ° Fast acquisition phase lock loop 

The VCO frequency setting elements are incorporated - Zero phase restart technique 

within the SSI 32D5362A for enhanced performance © Fully integrated data separator 

and reduced board space. Data rate is established with ~ No external delay lines or active devices 
a single external programming resistor. The SSI required 


seiear eee = stele oe aes eee ¢ Programmable write precompensation 
nology which affords precise decode window contro . 
without the requirement of an accurate 1/3 cell delay e seratoranesolh sector Operalien 
or external devices. The SSI 32D5362A requires a ° Crystal controlled reference oscillator 
single +5V supply. ¢ +5V operation 

¢ 28-pin PLCC package 


¢ Test outputs - Allow drive margin testing with 
available test chip 


BLOCK DIAGRAM 


IREF BRO VCO REF EPD PD OUT VCOIN VCOCLK VPA1 VPA2 


REFERENCE 
CURRENT 


XTAL 


DORESS MARK 
DETECTOR 


WRITE 
PRECOMPENSATION 


wes WOT Woo Wr WCLK AMENB 
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OPERATION 


The SSI 32D5362A is designed to perform data re- 
covery and data encoding in rotating memory systems 
which utilize a 1,7 RLL encoding format. In the Read 
Mode the SSI32D5362A performs Data Synchroniza- 
tion, Sync Field Search and Detect, Address Mark 
Detect, and Data Decoding. Inthe Write Mode, the SSI 
32D5362A converts NRZ data into the 1,7 RLL format 
described in Table 1, performs Write Precompensa- 
tion, and inserts Address Marks as requested. The 
interface electronics and architecture of the SSI 
32D5362A have been optimized for use as a compan- 
ion device to the SSI 32C9000 controller. 


The SSI 32D5362A can operate with data rates 
ranging from 10 to 20 Mbit/s. This data rate is estab- 
lished by a single 1% external resistor, RR, connected 
from pin IREF to VPA. This resistor establishes a 
reference current which sets the VCO center fre- 
quency, the phase detector gain, andthe 1/3 cell delay. 
The value of this resistor is given by: 


92.6 
RR=—— —2.3(kQ 


where: DR = Data Rate in Mbit/s. 


An internal crystal reference oscillator, operating at 
three times the data rate, generates the standby refer- 
ence for the PLL. A series resonant crystal between 
XTAL1 and XTAL2 should be selected at three times 
the Data Rate. If acrystal oscillator is not desired, then 
an AC coupled ECL source may be applied to XTAL1, 
leaving XTAL2 open. A TTL compatible reference may 
also be used if suitably attenuated and AC coupled. 


The SSI 32D5362A employs a Dual Mode Phase 
Detector; Harmonic in the Read Mode and Non Har- 
monic in Write and Idle Modes. In the Read Mode the 
Harmonic Phase Detector updates the PLL with each 
occurrence of a DYLD DATA pulse. In the Write and 
Idle modes the Non-Harmonic Phase Detector is con- 
tinuously enabled, thus maintaining both phase and 
frequency lock. By acquiring both phase and fre- 


quency lock to the crystal reference oscillator and | 


utilizing a zero phase restart technique, false lock to 
DLYD DATA is eliminated. 


The phase detector incorporates a charge pump in 
order to drive the loop filter directly. The polarity and 
width of the output current pulses correspond to the 
direction and magnitude of the phase error. 
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The READ GATE (RG), and WRITE GATE (WG) 
inputs control the device mode. 


RG is an asynchronous input and may be initiated or 
terminated at any position on the disk. WG is also an 
asynchronous input, but should not be terminated prior 
to the last output Write Data pulse. 


READ OPERATION 


The Data Synchronizer utilizes a fully integrated fast 
acquisition PLL to accurately develop the decode 
window. Read Gate, RG, initiates the PLL locking 
sequence and selects the PLL reference input; a high 
level (Read Mode) selects the RD input and a low level 
selects the crystal reference oscillator. 


Inthe Read Mode the falling edge of DRD enables the 
Phase Detector while the rising edge is phase com- 
pared to the rising edge of the VCO/2. As depicted in 
Figure 1, DRD is a 1/3 cell wide (TVCO) pulse whose 
leading edge is defined by the leading edge of RD. An 
accurate and symmetrical decode window is devel- 
oped from the VCO/2 clock. By utilizing a fully inte- 
grated symmetrical VCO running at three times the 
data rate, the decode window is insured to be accurate 
and centered symmetrically about the rising edges of 
DRD. The accuracy of the 1/3 cell delay only affects the 
retrace angle of the phase detector and does not 
influence the accuracy of the decode window. 


In Non-Read Modes, the PLL is locked to the crystal 
reference oscillator. This forces the VCO to run at a 
frequency which is very close to that required for 
tracking actual data and thus minimizes the associated 
frequency step during acquisition. When the reference 
input to the PLL is switched, the VCO is stopped 
momentarily, then restarted in an accurate phase 
alignment with the next PLL reference input pulse, and 
the VCO clock divider is reset. By minimizing the phase 
alignment in this manner the acquisition time is sub- 
stantially reduced. 


After Read Mode is terminated (RG low), the VCO and 
RRC sources switch from RD and VCO/3, respectively, 
to the reference crystal. After a delay of one NRZ bit 
time (minimum) from when RG is low, write gate (WG) 
may be enabled (see figure 7 for timing diagram). NRZ 
is a tri-statable pin controlled by RG. NRZ will change 
states within one NRZ bit time. The NRZ pin can be 
connected to WDNRZ to form a bi-directional port. 
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SOFT SECTOR OPERATION 


Disk Operation Lock Sequence in Read Mode Soft 
Sector Operation 
7 “O", 7 “O", 11 "0", 11 “0” 
19 “3T" 


ADDRESS | 3X} VCO BIT ID/ECC ENC 
MARK ["3T™{ LOCK SYNC DATA 


_| ae ENABLE 


ADDRESS MARK DETECT 


In Soft Sector Read Operation the SSI 32D5362A must 
first detect an address mark to be able to initiate the rest 
of the read lock sequence. An address mark for the 
SSI 32D5362A consists of two (2) 7 “O” patterns fol- 
lowed by two 11 “0” patterns. To begin the read lock 
sequence the Address Mark Enable (AMENB) is as- 
serted high by the controller. The SSI 32D5362A 


Address Mark Detect (AMD) circuitry then initiates a 
search of the read data (RD) foran address mark. First 
the AMD looks for a set of 6 “0’s” within the 7 “0” 
patterns. Having detected a 6 “0” the AMD then looks 
fora9 “0” set within the 11 “0's.” If AMD does not detect 
9 “0’s” within 5 RD bits after detecting 6 “O’s” it will 
restart the Address Mark Detect sequence and look for 
6 “0’s.”. When the AMD has acquired a 6 “0,” 9 “0” 
sequence the AMD transitions low disabling AMENB 
input. When AMENBis released, AMD will be released 
and reset by the SSI 32D5362A. The AMENB should 
be released prior to entering Read Mode. 


PREAMBLE SEARCH 


After the Address Mark (AM) has been detected, Read 
Gate (RG) can be asserted initiating the remainder of 
the read lock sequence. When RG is asserted an 
internal counter counts negative transitions of the 
incoming Read Data (RD) looking for (3) consecutive 
3T preamble. Once the counter reaches count 3 (finds 
(3) consecutive negative transistors) the internal read 
gate switches the phase detector input from the refer- 
ence oscillator to the Delayed Read Data (DRD); at the 
same time a zero phase (internal) restart signal restarts 
the VCO in phase with the Delayed Read Data. This 
prepares the VCO to be synchronized to data when the 
bit sync circuitry is enabled after VCO lock is estab- 
lished. 
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with Write Precompensation 


VCO LOCK & BIT SYNC ENABLE 


When the internal counter counts 16 more negative 
transitions or a total of 19 "ST's" from RG enable, an 
internal VCO lock signal enables. The VCO lock signal 
activates the decoder bit synchronization Circuitry to 
define the proper decode boundaries. Also, at the 
count of 19, the RRC source switches from the refer- 
ence oscillator to VCO clock signal which is phase 
locked to DRD. The VCO is assumed locked at this 
point. The bit sync circuitry searches for a '1001001' 
pattern to align the proper decode boundaries. During 
this time, an RRC pulse may be stretched a maximum 
of 2 RRC time periods during the alignment process to 
prevent any glitches. 


HARD SECTOR OPERATION 


Disk Operation Lock Sequence in Read Mode Hard 
Sector Operation 

In hard sector operation a low AMENB disables the 
SSI 32D5362A’s Address Mark Detection circuitry and 


| 19"3T" | 
3X VCO BIT se 
LOCK SYNC ID/ECC DATA 


| RG ENABLE 


AMD remains inactive. A hard sector read operation 
does not require an address mark search but starts 
with a preamble search as with soft sector and se- 
quences identically. In all respects, with the exception 
of the address mark search sequence, hard sector 
read operation is the same as soft sector read. 


WRITE MODE 


In the write mode the SSI 32D5362A converts NRZ 
data from the controller into 1,7 RLL formatted data for 
storage on the disk. The SSI 32D5362A can operate 
with a soft or hard sector hard drive. 


Serial NRZ data is clocked into the SSI 32D5362A and 
latched on defined cellboundaries. The NRZ input data 
must be synchronous with the rising edges of the 
WCLK input. The WCLK input is a feature provided for 
operation in an ESDI application to compensate for 
large cable delays. InSCSI or IDE operation, WCLK is 
connected directly to the RRC output. 


SSI 32D5362A 


Data Synchronization/1, 7 RLL ENDEC 


with Write Precompensation 


Write precompensation circuitry is provided to com- 
pensate for intersymbol interference caused by media 
bit shift. The SSI 32D5362A recognizes specific write 
data patterns andcan addor subtract delays inthe time 
position of write data bits to counteract the read back 
bit shift. The magnitude of the time shift, TPC, is 
determined by an external RC network onthe WCS pin 
where the capacitor is connected from WCS to VPA1 
and the resistor is connected from WCS to AGND. The 


- equations is: 


TPC =0.053(Re)(Cc+Cs) 


When the write precompensation control latch, 
WCL is low, the SSI 32D5362A performs write 
precompensation according to the algorithm out- 
lined in Table 4. 

SOFT SECTOR 


In soft sector operation, when Write Gate (WG) is 
asserted, the NRZ input (WDNRZ) must be kept low. 


TEST POINTS 


To generate an Address Mark (consisting of 7 "0's", 7 


"O's", 11 "O's", 11 "O's") the Address Mark Enable 
(AMENB) is toggled high for a minimum of 1 NRZ bit 
time. The toggling of AMENB must occur atleast 1 NRZ 
bit time after WG is asserted. After the address mark is 
generated, WONRZ must be kept low for an additional 
44 NRZ bits to properly generate 19 x ‘3ST’ for the 
preamble plus three '3T' for the bit sync field. Data can 
then be written on the WDNRZ line with the encode 
data appearing on WD 5 NRZ bit times later. After 
writing is complete, WG should be held high for an 
additional 5 NRZ bit times to ensure that the encoder is 
flushed. See figure 9 for timing diagram. 


HARD SECTOR 


After WG is asserted, WONRZ must be kept low fora 
minimum of 44 NRZ bit times to ensure a preamble field 
of at least 19 x "ST" plus 3 x "3T" for the bit sync field. 
Data can then be written as in the soft sector operation. 


The SSI 32D5362A provides three (3) test points which can be utilized to evaluate window margin 


characteristics. 


(a) DRD, delayed read data — the positive edges represent the data bit position 
(b) VCO REF, the VCO reference which represents the input to the Phase Detector, synchronizer, and 


1,7 decoder 


(c) VCO CLK, the VCO clock output which represents the output of the VCO 
The following figure describes the relationship between the various test points: 


VCO CLK 


VCO REF 


FIGURE 1: Test Point Relationships 
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1,7 RLL DATA 


| 1/3 Cel e— 


oe 


DECODE WINDOW ° }+__————+s__——+.____+ 
PHASE DET | | 
ENABLE ° 
NRZ BIT CELL J} ++ 


NOTE: * Denotes internal signal 


FIGURE 2: Data Synchronization Waveform 


| | 
ee 2 oe ES Ee Ss... 


| PRESENT 


| 
(Na NNN TN 
PREVIOUS | | | | NEXT 
CODE WORD CODE WORD 
LAST BIT | | FIRST BIT 
| | 


1 CODE WORD 


FIGURE 3: NRZ Data Word Comparision to 1, 7 Code Word 
(See Tables 1, and 2 for Decode Scheme) 
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TABLE 1: Decode Table for (1, 7) RLL Code Set 


ENCODED READ DATA DECODED DATA 


Previous Present Next 
YY YYY YYY 
23 123 
00 xX X X 

XXX 

XX X 


: 


xjo — 


x< 
x< 
x< 


-“-OoO oO 0oO;0o0 0 °0;4 — — ooo 
oO;joosto 0 +~|\O oO = “a Oo 


X X 


o-_- © 
= ©OOoO;/4a — = 


Preamble 


x X< X< 
oO O|xX|= © 
O10 0 O/H = 4/4 = 41010 CO O|D 
aj + 810 O D/O 0 O/O|O O O|W 
oO 
oO 


x< 
< 
x< |< 
< |< 


x KX 
“iC Oo 0|I90 0 0O;0 0 CO} 
<jo 4 O/0 
<|\4+ Oo Ol“ © 


TABLE 2: Encode Table for (1, 7) RLL Code Set 


NRZ DATA ENCODED WRITE DATA 


Present 


QO | 


Y Y 
1 3 
0 1 
0 0 
0 0 
1 1 
0 0 
0 1 
0 0 
0 0. 
0 0 
0 1 
0 0 
0 0 
0 0 
0 0 
1 0 
1 0 
1 0 


Y 
2 
0 
0 
‘ 
0 
1 
0 
! 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 


NOTE: X = Don't Care 
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TABLE 3: Clock Frequency 


Note 1: Until the VCO locks to the new source, the VCO/2 entries will 
be XTAL/2. 


2: Until the VCO locks to the new source, the VCO/3 entries will 
be XTAL/3. 


TABLE 4: Write Precompensation Algorithm 


LATE: Bit nis time shifted (delayed) from its nominal 
time position towards the bit n+1 time position. 


EARLY: Bit nis time shifted (advanced) from its nominal 
time position towards the bit n-1 time position. 


TABLE 5: Write Precompensation Magnitude 


wal 
a ae ee ee ee eee 
po fa pe 
ar ae 


The nominal magnitude, 
(TPC = WP x 0.053 (Re) (Cc+Cs), is externally 
set with an R-C network on pin WCS. 
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PIN DESCRIPTION 


ass ae 


WCLK 


TYPE DESCRIPTION 
READ DATA: Encoded Read Data from the disk drive read channel, active 
low. 


READ GATE: Selects the PLL reference input (REF), see Table 1. Achange 
in state on RG initiates the PLL synchronization sequence. 


WRITE GATE: Enables the write mode, see Table 2. 


WRITE CLOCK: Write Clock input. Must be synchronous with the NRZ 
Write Data input. For small cable delays, WCLK may be connected directly 
to pin RRC. 


ENABLE PHASE DETECTOR: A low level (Coast Mode) disables the | 
phase detector. This opens the PLL and the VCO will run at the frequency 
commanded by the voltage on oe VCOIN. Pin EPD has an internal resistor 
pull up. 


ADDRESS MARK ENABLE: Used to enable the address mark detection 
and address mark generation circuitry, active high. 
WRITE PRECOMPENSATION CONTROL BITS: Pins WC1, and WCO 


control the magnitude of the write precompensation, see Table 4. Internal 
resistor pull ups are provided. 


WRITE PRECOMPENSATION CONTROL LATCH: Used to latch the write 
precompensation control bits WC1 and WCO0 into the internal DAC. An 
active low level latches the input bits. Pin WCL has an internal resistor pull 
up. 


NRZ WRITE DATA INPUT PIN: This pin can be connected to the NRZ pin 
to form a bidirectional data port. 


DESCRIPTION 


WRITE DATA: Encoded write data output, active low. The data is 
automatically resynchronized (independent of the delay between RRC and 
WCLK) to one edge of the XTAL 1 input clock. 


READ/REFERENCE CLOCK: A multiplexed clock source used by the 
controller, see Table 2. During a mode change, no glitches are generated 


AMENB 


WDNRZ 


OUTPUT PINS 


TYPE 


and no more than two lost clock pulses will occur. When RG goes high, RRC 
is synchronized to the NRZ Read Data after 19 read data pulses. 


ADDRESS MARK DETECT: Tristate output pin that is in its high impedance 
state when WG is high or AMENB is low. A latched low level output indicates 
that an address mark has been detected. A low level on pin AMENB resets 
pin AMD. 
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OUTPUT PINS (Continued) 


|NAME —s|_‘ TYPE | DESCRIPTION 


VCO REF VCO REFERENCE: An open emitter ECL output test point. The VCO 
reference input to the phase detector, the negative edges are phase locked 
to DLYD DATA. The positive edges of this open emitter output signal 
indicate the edges of the decode window. Two external resistors are 
required to perform this test, they should be removed during normal 
operation for reduced power dissipation. 


VCOCLOCK: Anopenemitter ECL output test point. Two external resistors 
are required to perform this test. They should be removed during normal 
operation for reduced power dissipation. 


DELAYED READ DATA: An open emitter ECL output test point. The 
positive edges of this open emitter output signal indicates the data bit 
position. The positive edges of the DRD and the VCO REF signals can be 
used to estimate window centering. The time jitter of DRD’s positive edge 
is an indication of media bit shift. Two external resistors are required to 
perform this test. They should be removed during normal operation for 
reduced power dissipation. 


NRZ READ DATA OUTPUT: Tristate output pin that is enabled when read 
gate is high. This pin can be connected to the WONRZ pin to form a 
bidirectional data port. 


ANALOG PINS 


| NAME  —s|_—sTYPE DESCRIPTION 


IREF 


XTAL1, 2 


TIMING PROGRAM PIN: The VCO center frequency and the 1/3 cell delay 
are a function of the current sourced into pin IREF. 


CRYSTAL OSCILLATOR CONNECTIONS: The pin frequency is at three 
times the data rate. If the crystal oscillator is used, an AC coupled parallel 
LC circuit must be connected from XTAL1 to ground. If the crystal oscillator 
is not desired, XTAL1 may be driven by a TTL source with XTAL2 open. The 
source duty cycle should be close to 50% as possible since its duty cycle will 
affect the RRC clock duty cycle when XTAL is its source. The additional | 
RRC duty cycle error will be one third the source duty cycle error. 

poour. | =O 

vooIN | ot 


PHASE DETECTOR OUTPUT: Drives the loop filter input. 


VCO CONTROL INPUT: Driven by the loop filter output. 


WRITE PRECOMPENSATION SET: Pin for RC network to program write 
precompensation magnitude value. C,, to VPA1, R, to AGND. 


Digital and Analog Ground 
Analog +5V Supplies 


Digital +5V Supply 


DGND, AGND 
VPA1, VPA2 
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ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may damage the device. 


V 
W 


Voltage Applied to Logic Inputs -0.5 to VPD + 0.5 a ae 
Maximum Power Dissipation 1.1 Pw 


RECOMMENDED OPERATING CONDITIONS 


| Supply Voltage, VPA1 = VPA2 = VPD = VCC 4.75 < VCC <5.25 V 
Ambient Operating Temperature, TA 0<TA<+/0 | °C 


ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, 4.75V< VCC <5.25V, 10 MHz< 1/TORC <20 MHz, 30 MHz< 1/TVCO <60 MHz, 
TA = 0°C to 70°C | 


PARAMETER CONDITIONS | MIN 


VIH High Level Input 
Voltage 


Voltage 


IH High Level Input VIH = 2.7V 
Current | 
, IL Low Level Input VIL = 0.4V 
Current 
VOH High Level Output IOH = 400 pA 2.4 
Voltage 


VOL Low Level Output IOL = 4mA 
Voltage , 


ICC Power Supply Current | All outputs open,* 
PWR Power Dissipation Test point* pins open 


—* WG, RG CANNOT both be high 
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ELECTRICAL CHARACTERISTICS (Continued) 


VOHT* Test Point 262Q to VPD 
Output High Level 402Q to GND 
DRD, VCO CLK, VPD = 5.0V 
VCO REF VOHT - VPD 


* Monitor points only - Not tested 
DYNAMIC CHARACTERISTICS AND TIMING 


READ MODE (See Figure 3) 


Test Point 262Q to VPD V 
Output Low Level 402Q to GND 

DRD, VCO CLK, VPD = 5.0V 

VCO REF VOLT - VPD 


Decode Window Centering 
Accuracy 


Decode Window 


See Note 1 


TRWC** Write Data Clock 0.8V to 2.0V 
Rise Time 


TFWD Write Data Fall Time 2.0V to 0.8V, CL < 15 pF 


TFWC** Write Data Clock 2.0V to 0.8V 
Fall Time 


TSNRZ WODNRZ Set up Time 5 
THNRZ WDNRZ Hold Time 


Note 1 =TOWC —5-—4.76TPCO- TPC Note 2: =TOWC +10-4.76TPCO-TPC 


** INPUT requirement - Not tested 
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WRITE MODE (Continued) 


PARAMETER | CONDITIONS 


Precompensation TPCO=0.053 (Cc+Cs) (Rc) 
Time Shift Rc=1k to 2k; 

Magnitude |} Cc +Cs = 25pF to 40 pF; 
Accuracy Cs=stray capacity 


DATA SYNCHRONIZATION 


PARAMETER 


TVCO  +VCO Center 
Frequency Period TO = 3.6 (RR + 2.3) 
TO (ns); RR (kQ) 
RR = 2.3k to 7.0k 


VCO Frequency 
Dynamic Range 


KD* Phase Detector | KD =570/ (RR +0.53 
Gain KD(yA/rad), RR (kQ), 
PLL REF = RD, 1T pattern 


*KVCO* KD Product Accuracy a: -28 


| TD 1/3 Cell Delay TDO = 5.05 (RR + 0.530) 0.8TDO 
RR = kQ 


CONTROL CHARACTERISTICS (See Figure 5) 

PARAMETER CONDITIONS 

TSWS  WCO, WC1 50 
SET UP TIME 

THWS WGO, WC | 
HOLD TIME 


* Indirectly tested 
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NRZ (OUT) 
TPNRZ 


FIGURE 3: Read Timing 


1.5V 
THNRZ 
TSNRZ 


1.5V 


FIGURE 4: Write Timing 


FIGURE 5: Control Timing 
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AMENB 


AMD 
TRISTATE 


AMENB 
AMD 
TRISTATE 


7 "9" 


1 0000000 


7 "90 ry 
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DETECT 


"QO" 
DETECT 


PREAMBLE 
11 "0" 11 "0" "3T" PATTERNS 


1 | 000] 1 | 000) 1 | 000 


1 ENCODED DATA 


, / TIME MAX DELAY 


any 


DETECT TRISTATE 


1 ENCODED DATA 


A TIME MAX DELAY 


DETECT 


If 5 bits of RD are detected after 6 "0" are found and before 9 "0" then restart and look for 6 "0." 


EXAMPLE 


> RESTART 


FIGURE 6: Address Mark Search 


CASE 1 


CASE 3 


6 "9" & 9 "9" 
DETECT ist 
PATTERN 


uo!}eSUBdWODdJd OA ULM 


O3A0N43 11H Z ‘L/uoneziuoiyouds ejeq 


Vc9ESdCE ISS 


“ASI - L6L 1 


VCO IN _A—t—C—‘(‘(‘_‘ lM, 
m Khe KAKA Kh AO 


MAX 
2 2 ARC 
PERIODS PERIODS 


16-7 


NRZ 


ENABLE 
BIT SNYC SEARCH 
DISABLE 
kk 
a VCO CLK 
RRC 
esnRcE REF OSC 
ke 
DLYD RD 
* 
PHASE DET SOURCE 
REF OSC 
INT COUNTER 


FIGURE 7: Read Mode Locking Sequence (Soft and Hard Sector) 
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1 NRZ MIN 
27 NRZ MAX 
WG | | se 
(INTERNAL) TIMING BETWEEN AMENB & START OF WONRZ TIMING 


| MUST MEET TIME REQUIREMENTS OF WRITE DATA. 


b AMENB ; Sy ae Pe HS 


c6- 
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FIGURE 8: Multiple Address Mark Write 
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|, NRZ 
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TO INTERNAL STATE 


MAX OF 5 NRZ BITS DELAY 5 NRZ BITS PAD 


TO FLUSH 
WDNRZ ENCODER 
WDO 
11°0" 11°0" 
—_—— ADDRESS MARK e— PREAMBLE ——> ENCODED DATA 
(19 x 3T PATTERN) 
VCO LOCK 
(INTERNAL) 
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FIGURE 9: Write Data 
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PACKAGE PIN DESIG NATIONS CAUTION: Use handling procedures necessary 
(Top View) for a static sensitive component. 


a 
za QO 
a > rr 
© Ww 
> 2S fe g & oc 
4 3 2 
RG U5 J VCO IN 


WCLK [| 6 rl) PD OUT 
WDNRZ [| 7 |} VPA1 
WCL [| 8 | n DRD 
1] VCO CLK 
1] VCO REF 


WCS [J 11 1] VPD 
15 


N 
8 « E 4 
z a 


DGND [ 
XTAL1 [J 
XTAL2 [ 


28-Pin PLCC 


ORDERING INFORMATION 


PART DESCRIPTION ORDERING NUMBER PACKAGE MARK 


SSI 32D5362A | 


| 28-Pin PLCC 32D5362A-CH 32D5362A-CH 
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DESCRIPTION 


The SSI 32D537 Data Synchronizer/1, 7 RLL ENDEC 
family provides data recovery and data encoding for 
storage systems which employ a 1, 7 RLL encoding 
format. Data synchronization is performed with a fully 
integrated high performance PLL. A zero phase restart 
technique is used to minimize PLL acquisition time. 
The SSI 32D537 family has been optimized for opera- 
tion as a companion device to the SSI 32C4650 con- 
troller. The VCO frequency setting elements are incor- 
porated within the SSI 32D537 family for enhanced 
performance and reduced board space. Data rate is 
established with a single external programming resis- 
tor. The SSI 32D5371 family utilizes an advanced 
bipolar process technology which affords precise de- 
code window control without the requirement of an 
accurate 1/3 cell delay or external devices. The SSI 
32D537 family requires a single +5V supply. 


BLOCK DIAGRAM 


XTALI 
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Preliminary Data 


November 1991 


FEATURES 

¢ 32D5371—ECL RD Input Option, 10 to 24 Mbit/s 
¢ 32D5372—TTL RD Input Option, 10 to 24 Mbit/s 
* 32D5373 — TTL RD Input Option, 15 to 32 Mbit/s 
¢ 32D5374 — ECL RD Input Option, 15 to 32 Mbit/s 
¢ Data Synchronizer and 1, 7 RLL ENDEC 

e 


Data Rate programmed with a single external 
resistor or current source 


¢ Optimized for operation with the SSI 32C4650 
controller. 


e Fast acquisition phase lock loop 
- Zero phase restart technique 


e Fully integrated data separator 
- No external delay lines or active devices 
required 
e¢ Programmable write precompensation 
¢ Hard and soft sector operation 
¢ Crystal controlled reference oscillator 
e +5V operation 
¢ 28-Pin PLCC & 28-Pin SOL packages 
¢ Test outputs - Allow drive margin testing 


VCO REF EPD PD OUT VCOIN VCOCLK VPA1 VPA2 


ADDRESS MARK 
Tne) DETECTOR 


: ee) 
EE EE San (all Saerceacnaiocd a ine aecae oma 
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OPERATION 


The SSI 32D5371 , 32D5372, 32D5373, 32D5374 prod- 
uct family, hereafter designated as the 32D537X, are 
designed to performdata recovery and data encoding in 
rotating memory systems which utilize a 1,7 RLL encod- 
ing format. In the Read Mode the SSI 32D5367X 
performs Data Synchronization, Sync Field Search and 
Detect, Address Mark Detect, and Data Decoding. In 
the Write Mode, the SSI 32D537X converts NRZ data 
into the 1,7 RLL format described in Table 1, performs 
Write Precompensation, and inserts Address Marks as 


' requested. The interface electronics and architecture of 


the SSI 32D537X have been optimized for use as a 
companion device to the SSI 32C9000 controller. 


The SSI 32D537X can operate with data rates ranging 
from 10 to 20 Mbit/s. This data rate is established by a 
single 1% external resistor, RR, connected from pin 
IREF to VPA. This resistor establishes a reference 
current which sets the VCO center frequency, the phase 
detector gain, and the 1/3 cell delay. The value of this 
resistor is given by: 


32D5371/5372: RR=—— ~1.7(kQ) 


32D5373/5374: RR= = —1.7(kQ) 


where: DR = Data Rate in Mbit/s. 


An internal crystal reference oscillator, operating at 
three times the data rate, generates the standby refer- 
ence for the PLL. A series resonant crystal between 
XTAL1 and XTAL2 should be selected at three times the 
Data Rate. If a crystal oscillator is not desired, then an 
AC coupled ECL source may be applied to XTAL1, 
leaving XTAL2 open. A TTL compatible reference may 
also be used if suitably attenuated and AC coupled. 


The SSI 32D537X employs a Dual Mode Phase Detec- 
tor; Harmonic in the Read Mode and Non Harmonic in 
Write and Idle Modes. Inthe Read Mode the Harmonic 
Phase Detector updates the PLL with each occurrence 
ofa DYLD DATA pulse. Inthe Write and Idle modes the 
Non-Harmonic Phase Detector is continuously en- 
abled, thus maintaining both phase and frequency lock. 
By acquiring both phase and frequency lock to the 
crystal reference oscillator and utilizing a zero phase 
restart technique, false lock to DLYD DATA is elimi- 
nated. 


The phase detector incorporates a charge pump in 
order to drive the loop fiiter directly. The polarity and 
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width of the output current pulses correspond to the 
direction and magnitude of the phase error. 


The READ GATE (RG), and WRITE GATE (WG) inputs 
control the device mode. 


RG is an asynchronous input and may be initiated or 
terminated at any position on the disk. WG is also an 
asynchronous input, but should not be terminated prior 
to the last output Write Data pulse. 


READ OPERATION 


The Data Synchronizer utilizes a fully integrated fast 
acquisition PLL to accurately develop the decode win- 
dow. Read Gate, RG, initiates the PLL locking se- 
quence and selects the PLL reference input; a high level 
(Read Mode) selects the RD input and a low level 
selects the crystal reference oscillator. 


In the Read Mode the falling edge of DRD enables the 
Phase Detector while the rising edge is phase com- 
pared to the rising edge of the VCO/2. As depicted in 
Figure 1, DRD is a 1/3 cell wide (TVCO) pulse whose 
leading edge is defined by the leading edge of RD. An 
accurate and symmetrical decode window is developed 
from the VCO/2 clock. By utilizing a fully integrated 
symmetrical VCO running at three times the data rate, 
the decode window is insured to be accurate and 
centered symmetrically about the rising edges of DRD. 
The accuracy of the 1/3 cell delay only affects the retrace 
angle of the phase detector and does not influence the 
accuracy of the decode window. 


In Non-Read Modes, the PLL is locked to the crystal 
reference oscillator. This forces the VCO to run at a 
frequency which is very close to that required for track- 
ing actual data and thus minimizes the associated 
frequency step during acquisition. When the reference 
input to the PLL is switched, the VCO is stopped 
momentarily, then restarted in an accurate phase align- 
ment with the next PLL reference input pulse, and the 
VCO clock divider is reset. By minimizing the phase 
alignment in this manner the acquisition time is substan- 
tially reduced. 


After Read Mode is terminated (RG low), the VCO and 
RRC sources switch from RD and VCO/3, respectively, 
to the reference crystal. After a delay of one NRZ bit time 
(minimum) from when RG is low, write gate (WG) may 
be enabled (see figure 7 fortiming diagram). NRZ is atri- 
statable pin controlled by RG. NRZ will change states 
within one NRZ bit time. The NRZ pin can be connected 
to WDNRZ to form a bi-directional port. 
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SOFT SECTOR OPERATION 


Disk Operation Lock Sequence in Read Mode Soft 
Sector Operation 
7 "0", 70", 11 "0", 11 "0" 
19 “3T” 


_ | re ENABLE 


ADDRESS MARK DETECT 


In Soft Sector Read Operation the SSI 32D537X must 
first detect an address mark to be able to initiate the rest 
of the read lock sequence. An address mark for the 
SSI 32D537X consists of two (2) 7 “0” patterns fol- 
lowed by two 11 “0” patterns. To begin the read lock 
sequence the Address Mark Enable (AMENB) is 
asserted high by the controller. The SSI 32D537X 
Address Mark Detect (AMD) circuitry then initiates a 
search of the read data (RD) foran address mark. First 
the AMD looks for a set of 6 “0’s” within the 7 “0” 
patterns. Having detected a 6 “0” the AMD then looks 
fora9 “0” set within the 11 “O’s.” If AMD does not detect 
9 “O’s” within 5 RD bits after detecting 6 “0’s” it will 
restart the Address Mark Detect sequence and look for 
6 “0’s.” When the AMD has acquired a 6 “0,” 9 “0” 
sequence the AMD transitions low disabling AMENB 
input. When AMENBis released, AMD willbe released 
and reset by the SSI 32D537X. The AMENB should be 
released prior to entering Read Mode. 


PREAMBLE SEARCH 


After the Address Mark (AM) has been detected, Read 
Gate (RG) can be asserted initiating the remainder of 
the read lock sequence. When RG is asserted an 
internal counter counts negative transitions of the 
incoming Read Data (RD) looking for (3) consecutive 
negative transitions. Once the counter reaches count 
3 (finds (3) consecutive negative transistors) the inter- 
nal read gate switches the phase detector input from 
the reference oscillator to the Delayed Read Data 
(DRD); at the same time a zero phase (internal) restart 
signal restarts the VCO in phase with the Delayed 
Read Data. This prepares the VCO to be synchronized 
to data when the bit sync circuitry is enabled after VCO 
lock is established. 
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VCO LOCK & BIT SYNC ENABLE 


When the internal counter counts 16 more negative 
transitions or a total of 19 "3T's” from RG enable, an 
internal VCO lock signal enables. The VCO lock signal 
activates the decoder bit synchronization Circuitry to 
define the proper decode boundaries. Also, at the 
count of 19, the RRC source switches from the refer- 
ence oscillator to VCO clock signal which is phase 
locked to DRD. The VCO is assumed locked at this 
point. The bit sync circuitry searches for a '1001001' 
pattern to align the proper decode boundaries. During 
this time, an RRC pulse may be stretched a maximum 
of 2 RRC time periods during the alignment process to 
prevent any glitches. 


HARD SECTOR OPERATION 


Disk Operation Lock Sequence in Read Mode Hard 
Sector Operation 


| 19 "3T" | 
3X} VCO BIT hee see 
rei SONG ID/ECC | DATA 


_I| re ENABLE 


In hard sector operation a low AMENB disables the 
SSI 32D537X’s Address Mark Detection circuitry and 
AMD remains inactive. A hard sector read operation 
does not require an address mark search but starts 
with a preamble search as with soft sector and se- 
quences identically. In all respects, with the exception 
of the address mark search sequence, hard sector 
read operation is the same as soft sector read. 


WRITE MODE 


Inthe write mode the SSI 32D537X converts NRZ data 
from the controller into 1,7 RLL formatted data for 
storage on the disk. The SSI 32D537X can operate 
with a soft or hard sector hard drive. 


Serial NRZ data is clocked into the SS] 32D537X and 
latched on defined cell boundaries. The NRZ input data 
must be synchronous with the rising edges of the 
WCLK input. The WCLK input is a feature provided for 
operation in an ESDI application to compensate for 
large cable delays. InSCSI or IDE operation, WCLK is 
connected directly to the RRC output. 
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Write precompensation circuitry is provided to com- 
pensate for intersymbol interference caused by media 
bit shift. The SSI 32D537X recognizes specific write 
data patterns and can addor subtract delays inthe time 
position of write data bits to counteract the read back 
bit shift. The magnitude of the time shift, TPC, is 
determined by an external register on the WCS pin 
where the register is connected from WCS to VPA1. 


When the write precompensation control latch, 
WCL is low, the SSI 32D537X performs write 
precompensation according to the algorithm out- 
lined in Table 4. 


SOFT SECTOR 


In soft sector operation, when Write Gate (WG) is 
asserted, the NRZ input (WDNRZ) must be kept low. 
To generate an Address Mark (consisting of 7 "0's", 7 
"O's", 11 "0's", 11 "O's") the Address Mark Enable 


TEST POINTS 


(AMENB) is toggled high for a minimum of 1 NRZ bit 
time. The toggling of AMENB must occur atleast 1 NRZ 
bit time after WG is asserted. After the address mark is 
generated, WONRZ must be kept low for an additional 
44 NRZ bits to properly generate 19 x '3T' for the 
preamble plus three '3T' for the bit sync field. Data can 
then be written on the WDNRZ line with the encode 
data appearing on WD 5 NRZ bit times later. After 
writing is complete, WG should be held high for an 
additional 5 NRZ bit times to ensure that the encoder is 
flushed. See Figure 9 for timing diagram. 


HARD SECTOR 


After WG is asserted, WONRZ must be kept low for a 
minimum of 44 NRZ bit times to ensure a preamble field 
of at least 19 x "3T” plus 3 x "3T" for the bit sync field. 
Data can then be written as in the soft sector operation. 


The SSI 32D537X provides three (3) test points which can be utilized to evaluate window margin 


characteristics. 


(a) DRD, delayed read data — the positive edges represent the data bit position 
(b) VCO REF, the VCO reference which represents the input to the Phase Detector, synchronizer, and 


1,/ decoder 


(c) VCO CLK, the VCO clock output which represents the output of the VCO 
The following figure describes the relationship between the various test points: 


VCO CLK 


VCO REF 


FIGURE 1: Test Point Relationships 
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1,7 RLL DATA 


—>| 1/3 Cell ke 


\ 7 


DECODE WINDOW * [a tft 
PHASE DET | | 
ENABLE * 
RRC | | | | | 
NRZ BIT CELL bo} 


NOTE: * Denotes internal signal 


FIGURE 2: Data Synchronization Waveform 


| | 
a Te Se CR Se S. 


| PRESENT 


Rese 2h A 8%, 


1 CODE WORD 
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PREVIOUS | | aaNEXt 
CODE WORD CODE WORD 
LAST BIT | | FIRST BIT 
| | 


FIGURE 3: NRZ Data Word Comparision to 1, 7 Code Word 
(See Tables 1, and 2 for Decode Scheme) 
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TABLE 1: Decode Table for (1, 7) RLL Code Set 


ENCODED READ DATA DECODED DATA 


Previous Present 


NOTE: X = Don't Care 
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TABLE 3: Clock Frequency 


Note 1: Until the VCO locks to the new source, the VCO/2 entries will 
be XTAL/2. 


2: Until the VCO locks to the new source, the VCO/3 entries will 
be XTAL/3. 


TABLE 4: Write Precompensation Algorithm 


Bit nis time shifted (delayed) from its nominal 
time position towards the bit n+1 time position. 


EARLY: Bit nis time shifted (advanced) from its nominal 
time position towards the bit n-1 time position. 


TABLE 5: Write Precompensation Magnitude 


| WCO | MAGNITUDE (WP) 
3 


Pe OE! 
le Oi 


The nominal magnitude, 
TPC = WP x TPCO is externally set with resistors 
on pins WCS and IREF. 
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PIN DESCRIPTION 


INPUT PINS 


DESCRIPTION 


READ DATA: Encoded Read Data from the disk drive read channel. The 
TTLinput version (5372/5373) is an active low signal. The ECLinputversion | 
(5371/5374) is an active high signal. 


READ GATE: Selects the PLL reference input (REF), see Table 2. Achange 
in state on RG initiates the PLL synchronization sequence. Pin RG has an 
internal resistor pullup. 


WRITE GATE: Enables the write mode, see Table 2. PinWGhas an internal 
resistor pullup. 


WRITE CLOCK: Write Clock input. Must be synchronous with the NRZ 
Write Data input. For small cable delays, WCLK may be connected directly 
to pin RRC. : 

ENABLE PHASE DETECTOR: A low level (Coast Mode) disables the 
phase detector and enables the test mode. This opens the PLL and the VCO 
will run at the frequency commanded by the voltage on pin VCO IN. Inthe 
test mode, functions normally driven by the VCO are switched to XTAL. Pin 
EPD has an internal resistor pull up. 
ADDRESS MARK ENABLE: Used to enable the address mark detection 
and address mark generation circuitry, active high. Pin AMENB has an | 
internal resistor pullup. 
WRITE PRECOMPENSATION CONTROL BITS: Pins WC1, and WCO 
control the magnitude of the write precompensation, see Table 4. Internal 
resistor pull ups are provided. If unused, leave pins open or tie high. 
WRITE PRECOMPENSATION CONTROL LATCH: Used to latch the write 
precompensation control bits WC1 and WCO into the internal DAC. An 
active low level latches the input bits. Pin WCL has an internal resistor pull 
up. If unused, leave pin open or tie high. 


NRZ WRITE DATA INPUT PIN: This pin can be connected to the NRZ pin 
to form a bidirectional data port. | 


WRITE DATA: Encoded write data output, active low. The data is 
automatically resynchronized (independent of the delay between RRC and 
WCLK) to one edge of the XTAL1 input clock. 

READ/REFERENCE CLOCK: A multiplexed clock source used by the 
controller, see Table 2. During a mode change, no glitches are generated 


RD (TTL) 


RD (ECL) 


and no more than two lost clock pulses will occur. When RG goes high, RRC 
is synchronized to the NRZ Read Data after 19 read data pulses. 


ADDRESS MARK DETECT: Tristate output pin that is in its high impedance 
state when WGis high or AMENBis low. A latched low level output indicates 
that an address mark has been detected. A low level on pin AMENB resets 
pin AMD. 
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OUTPUT PINS (Continued) 


TYPE DESCRIPTION 


= VCO REFERENCE: An open emitter ECL output test point. The VCO 


reference input to the phase detector, the positive edges are phase locked 


to DLYD DATA. The negative edges of this open emitter output signal 
1191 - rev. 4-103 


VCO REF 


VCO CLK 
ANALOG PINS 


IREF 


XTAL1, 2 


PD OUT 


DGND, AGND 


VPA1, VPA2 


indicate the edges of the decode window. Two external resistors are 
required to perform this test, they should be removed during normal 
operation for reduced power dissipation. 


VCO CLOCK: Anopenemitter ECL output test point. Two external resistors 
are required to perform this test. They should be removed during normal 
operation for reduced power dissipation. 


DELAYED READ DATA: An open emitter ECL output test point. The 
positive edges of this open emitter output signal indicates the data bit 
position. The positive edges of the DRD and the VCO REF signals can be 
used to estimate window centering. The time jitter of DRD’s positive edge 
is an indication of media bit shift. Two external resistors are required to 
perform this test. They should be removed during normal operation for 
reduced power dissipation. 
NRZ READ DATA OUTPUT: Tristate output pin that is enabled when read 
gate is high. This pin can be connected to the WDNRZ pin to form a 
bidirectional data port. 


TIMING PROGRAM PIN: The VCO center frequency andthe 1/3 celldelay ]} 
are a function of the current sourced into pin |IREF. The current is set by an 
external resistor, RR, connected between pin IREF and VPA2. 


CRYSTAL OSCILLATOR CONNECTIONS: The pin frequency is at three 
times the data rate. If the crystal oscillator is used, an AC coupled parallel 
LC circuit must be connected from XTAL1 to ground. If the crystal oscillator 
is not desired, XTAL1 may be driven either by an AC coupled suitably 
attenuated TTL source or by an AC coupled ECL source, with XTAL2 open. 
The source duty cycle should be as close to 50% as possible, since its duty 
cycle will affect the RRC clock duty cycle when XTAL is its source. The 
additional RRC duty cycle error will be one third the source duty cycle error. 


PHASE DETECTOR OUTPUT: Drives the loop filter input. 
VCO CONTROL INPUT: Driven by the loop filter output. 


WRITE PRECOMPENSATION SET: Pin fora resistor to program the write 
precompensation magnitude value. The resistor, RC, is connected between 
pin WCS and VPA2. If this pin is left open, write precompensation is 
disabled. 


Digital and Analog Ground 


Analog +5V Supplies 
Digital +5V Supply 
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ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may damage the device. 


Maximum Power Dissipation SS 


RECOMMENDED OPERATING CONDITIONS 


Supply Voltage, VPA1 = VPA2 = VPD = VCC | 4.75 < VCC < 5.25 
Junction Temperature, Tj | 0<Tj < 135 
Ambient Temperature, Ta 0<Ta< 70° 


ELECTRICAL CHARACTERISTICS : 
Unless otherwise specified, 4.75V < VCC <5.25V, 10 MHz < 1/TORC < 24 MHz, 30 MHz < 1/TVCO < 72 MHz 
(32D5371/5372), 15 MHz < 1/TORC < 32 MHz, 45 MHz < 1/TVCO < 96 MHz (82D5373/5374), 0 °C < Ta< 70°C. 


CONDITIONS 
Voltage 
Lia 
Voltage 
Current | 
Current | 
Voltage 
Voltage 
VIHP Pseudo ECL High Level 
Input Voltage; RD 
VILP Pseudo ECL Low Level 
Input Voltage; RD . 
IIHP - Pseudo ECL High Level 
Input Current; RD | 


ILP Pseudo ECL Low Level |} VIL = VCC -1.5V 
_Input Current; RD 


ICC ~ Power Supply Current | All outputs & test point 
pins open 


PWR __s— Power Dissipation All outputs & test point 
pins open 
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ELECTRICAL CHARACTERISTICS (Continued) 


Test Point 2620 to VPD 
Output High Level 4020 to DGND 
DRD, VCO CLK, VPD = 5.0V 
VCO REF VOHT - VPD 


Test Point 262Q to VPD -1.75 
Output Low Level 402Q to DGND 

DRD, VCO CLK, VPD = 5.0V 

VCO REF VOLT - VPD 


DYNAMIC CHARACTERISTICS AND TIMING 
READ MODE (See Figure 3) 


TFRC Read Clock Fall Time 2.0V to 0.8V, Ci. < 15 pF 
RRC Duty Cycle 10 - 20 Mbit/s 
>20 - 32 Mbit/s 
10 - 20 Mbit/s 


TPNRZ NRZ (out) Set Up/ 
Hold Time 


>20 - 24 Mbit/s ——}-2— 
es es 
KD Decode Window | 
a ce 
| __—Decodewindow | heed Rill 


WRITE MODE (See Figure 4) 


PARAMETER CONDITIONS | MIN | 


TWD Write Data Pulse Width | Ci. < 15 pF 2TOWC/3 


TFWD Write Data Fall Time 2.0V to 0.8V, Ci. < 15 pF 


TRWC Write Data Clock 0.8V to 2.0V 


-TPC -5 


Rise Time 


TFWC Write Data Clock 2.0V to 0.8V 
Fall Time 


TSNRZ WDNRZ Set up Time 
THNRZ WODNRZ Hold Time 
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WRITE MODE (Continued) 


PARAMETER | CONDITIONS | 


Precompensation TPCO = 1.12T x A/(B + 3A) 
Time Shift ~| T=XTAL Period 

Maoanitude A=0.19/ (Re + 0.51) + 5.8E-3 
pepe B = 0.42 / (RR + 0.53) + 1.08E-2 


0.19(1- 27S) 
+ 0.025 ]-0.006 


RC = 7 ~0.51 
SlRR+O53) 

S = TPCO/T; RR, RC (kQ) | 

(Rc tied between WCS and +5V) 

WCO = 1, WC1 = 1 

WCO = 0, WC = 1 

WCO = 1, WCi =0 

WCO =0, WCi =0 


TVCO VCO Center VCO_IN =2.7V ; ns 
Frequency Period 32D5371/5372 TO = 3.6 (RR + 1.7) 
32D5373/5374 TO = 2.4 (RR + 1.7) 

+45 % 


KD= 0.66/(RR+530) Read Mode 
= 0.33/(RR+530) Non-Read Mode 
Indirectly tested 


—_— 
a 


ce) 


Yo 

rad 

10 - 24 Mbit/s ns 

>24 - 32 Mbit/s | ns 

TD = 3.6 (RR+1.7): 32D5371/2 : ns 
TD = 2.4 (RR+1.7): 32D5373/4 . 


CONTROL CHARACTERISTICS (See Figure 5) 
PARAMETER CONDITIONS | 
TSWS  WGCO.WCi 
SET UP TIME 


THWS WCO, WC1 
HOLD TIME 
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NRZ (OUT) 


AMD 


FIGURE 3: Read Timing 


1.5V 
THNRZ 
TSNRZ 


1.5V 


FIGURE 4: Write Timing 
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80l-P 


“AQI- LELL 


3 PREAMBLE 
70" 7 "0" 11 "0" 110" “3T" PATTERNS 
RD 
1 0000000 1 | 00} 1 | 00} 1 | 00 


1 ENCODED DATA 
TIME MAX DELAY 


AMENB 
TIMING 
| M 
AND | 
ee = TRISTATE 6 "0" &9 "0" 
TRISTATE ee DETECT DETECT si PPATTERN 


1 ENCODED DATA 


x _‘ TIME MAX DELAY 
AMENB eee | ces 
1 ZERO 
AMD TIMING aera 
DETECT DETECT 


anye 7 9 "QO" 
DETECT DETECT CASE 3 


if 5 bits of RD are detected after 6 "0" are found and before 9 "0" then restart and look for 6 “0." 


RD EXAMPLE 
7 *9" 


CT 
5 
ia RESTART 


FIGURE 6: Address Mark Search 


UOIJESUBAWIOD2Ig SUAA UUM 


O3AGNS 114 Z ‘L/uoleziuoiyouAs ejeq 


b/€/c/LLZESACE ISS 


“AGI - KELL 


601-7 


— oe 
= XK X Wi XN XK KN h_X 
2 rRe BARC ke 2 RRC 
PERIODS PERIODS PERIODS 
NAZ Pepe ee: cae Lp oe 
ENABLE 
BIT SNYC SEARCH 
DISABLE 
VvcoO CuK” 
OLYD RD 
PHASE DET SOURCE o 
REF OSC 
INT COUNTER 


FIGURE 7: Read Mode Locking Sequence (Soft and Hard Sector) 


UOIPSUSAGWIOD9Jd S1AA UUM 


O3S0NS 114 Z ‘L/uoneziuoiyouds eyeg 


v/E/c/LLESGCE ISS 


OllL-? 


‘AB1~ LELL 


| 1 NRZ BIT TIME MIN 


1 NRZ BIT TIME MIN 


27 NRZ BIT TIME MAX 
a 


WG 
(INTERNAL) TIMING BETWEEN AMENB & START OF WDNRZ TIMING 


MUST MEET TIME REQUIREMENTS OF WRITE DATA. 


| AM | ENC DATA | AM | ENC DATA | AM | ENC DATA | AM | ENC DATA | 


FIGURE 8: Multiple Address Mark Write 


UOI]}ESUSAGWIODAld S}A\ ULIM 


O3QN3 11H Z ‘b/uoneziuoiyouds ejeg 


b/e€/e/LLESAcE ISS 


“AOI - LELE 


LtL-b 


RG 1NRZ 
| MIN | 
> a | 
WG 
: MIN 38 NRZ IF | 
AMENB NQ —____ 
1 NRZ MIN 
7 NRZ 


WG 
(INTERNAL) 


AMENB 


VCO IN 


| MAX MIN OF 62 NRZ RECOMMENDED 
("001° PATTERNS) 


2 


a ee | 


MAX OF 3 X 3T (1,7) DELAY TO SYNC AMENB 
TO INTERNAL STATE 


*—_—_— ADDRESS MARK —<-1]¢— PREAMBLE 
oN : (19 x 3T PATTERN) 


VCO LOCKS BUT VCO LOCK SIGNAL WILL STAY INACTIVE 


XTAL 
RO <- 


VCO XTAL 
=> OC 


AXA, I 


MAX 2 TIME PERIODS 
OF RRC 


FIGURE 9: Write Data 


5 NRZ PAD TO 
FLUSH ENCODER 


ENCODED DATA 


O3SGN3 11Y Z ‘L/uoneziuoiyauds eyeq 
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PACKAGE PIN DESIGNATIONS | 
(Top View) for a static sensitive component. 


RD (ECL) 


RD (TTL) | 28] | AGND 
VPA2 | | 2 27| | EPD 
a> 
AMENB [| 3 26] | IREF 2 ‘ aa ae 
we [] 4 25] VCO IN S2seepgsge 
RG [] 5 24[] PD OUT ; aa — 
WCLK |] 6 23] | VPA1 AG OS 25 1] VCO IN 


WDNRZ [| | 7 22[ |] DRD WCLK [] 6 24 1] PD OUT 
wet [] 8 21{] vco cLK WONRZ {| 7 23 [] vPAt 


WC 20| | VCO REF WCL 22 0 DAD 
WOT 191] veo WOT 21 1] VCO CLK 


wes | | 11 18{ | XTAL2 WC [J 10 20 [] VCO REF 
WDO 17| | XTAL1 WCs {] 11 19 0 VPD 


13 15 


NRZ |} 13 16] | DGND - 
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DESCRIPTION 


The circuit is intended to be used as a data/clock 
recovery circuit for 1, 7 RLL code in hard disk drive 
systems with a +5V supply. 


FEATURES 
¢ Data synchronizer and 1,7 RLL ENDEC 
* 9-bit bi-directional data bus interface 

- 8 data bits plus 1 parity bit 


- Parity generation during read operation 
- Parity checking during write operation 


¢ Up to 48 Mbit/s operation 


- Datarateprogrammedwithasingle external 
resistor or current source 


¢ Programmable Sync-Byte pattern detection 
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Preliminary Data 


December 1991 


Fast acquisition phase locked loop with zero 
phase restart technique 


Fully integrated data separator 

- No external delay lines or active devices 
required 

Programmable decode window symmetry 

control 


- Includes delayed read data and VCO clock 
monitor points 


Programmable write precompensation 
Hard and soft sector operation 

Uses standard 5V + 5% supply 

44-pin PLCC package 


BLOCK DIAGRAM 


Analog Digital 
+5 5 
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RR Voltage f. 
Controlled & 
{REF : Oscillator 


XTAL1 
XTAL2 


RPC =] Address Mark 
=| Generator 


Analog Ground ~ Digital Ground 
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OPERATION 

DATA/CLOCK RECOVERY CIRCUIT 

The circuit is designed to perform data recovery and 
data encoding in rotating memory systems which utilize 
a1,7RLL encoding format. Inthe read mode the circuit 
performs data synchronization, sync field search and 
detect, address mark detect, and data decoding. Inthe 
write mode, the circuit converts NRZ data into the 1, 7 
RLL format described in Table 1, performs write 
precompensation, generates the preamble field and 
inserts address marks as requested. 


This data rate is established by a single 1% external 
resistor, RR, connected fromthe IREF pinto VPA. This 
resistor establishes a reference current which sets the 
VCO center frequency, the phase detector gain, and 
the 1/3 cell delay. The value of this resistor is given by: 
RR = oe 1.7kKQ 
DR 


Where: DR = data rate in Mbit/s 


Alternately, the IREF pin can be driven from the SSI 
32D4660 in a constant density recording application. 


The circuit employs a dual mode phase detector; 
harmonic in the read mode and non-harmonic in the 
write and idle modes. In the read mode, the harmonic 
phase detector updates the PLL with each occurrence 
ofaDLYD DATApulse. Inthe write and idle modes, the 
non-harmonic phase detector is continuously enabled, 
thus maintaining both phase and frequency lock. By 
acquiring both phase and frequency lock to the input 
reference frequency and utilizing a zero phase restart 
technique, false lock to DLYD DATA is eliminated. 


The phase detector incorporates a charge pump in 
order to drive the loop filter directly. The polarity and 
width of the output current pulses correspond to the 
direction and magnitude of the phase error. 


7 “0”, 7 “Q”, 11 “0%; 11 “OQ” 


| | | 19 “3T” | 


The READ GATE (RG) and WRITE GATE (WG) inputs 
control the mode of the data/clock recovery section of 
the chip. 


RG is an asynchronous input and may be initiated or 
terminated at any position on the disk. WG is also an 
asynchronous input, but should not be terminated prior 
to the last output write data pulse. 


READ OPERATION 


The data synchronizer utilizes a fully integrated fast 
acquisition PLL to accurately develop the decode 
window. Read gate, RG, initiates the PLL locking 
sequence and selects the PLL reference input; a low 
level (read mode) selects the RD input and a high level 
selects the external reference clock. 


In the read mode the falling edge of DRD enables the 
phase detector while the rising edge is phase compared 
tothe rising edge of VCO. As depicted in Figure 1, DRD 
is a 1/3 cell wide (TVCO/2) pulse whose leading edge 
is defined by the leading edge of RD. Adecode window 
is developed from the VCO clock. 


Shifting the symmetry of the VCO clock effectively 
shifts the relative position of the DRD pulse within the 
decode window. Decode window control is provided 
via the WS controls. 


In the non-read modes, the PLL is locked to the 
external reference clock. When the reference input to 
the PLL is switched, the VCO is stopped momentarily, 
then restarted in an accurate phase alignment with the 
next PLL reference input pulse, and the VCO clock 
divider is reset. 


ADDRESS MARK DETECT 

In soft sector read operation the circuit must first detect 
an address mark to be able to initiate the rest of the read 
lock sequence. An address mark consists of two sets 


Ga Address 3X VCO Bit Sync Encoded 
P Mark “3T” Lock Sync Byte Data 
| RG Enable 


FIGURE 1: Disk Operation Lock Sequence in Read Mode Soft Sector Operation 
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of 7 “O” patterns followed by two sets of 11 “O” patterns. 
To begin the read lock sequence the Address Mark 


Enable (AMEN) is asserted low by the controller. The 
address mark detect (AMD) circuit then initiates asearch 
of the read data (RD) for an address mark. First the 
AMD looks for a set of 6 “0’s within the 7 “0” patterns. 
Having detected a 6 “0” the AMD then looks for a 9 “0” 
set within the 11 “O’s. If AMD does not detect 9 “O’s 
within 5 RD bits after detecting 6 “O”s it will restart the 
address mark detect sequence and look for 6 “0’s. 
When the AMD has acquired a 6 “0,” 9 “0” sequence, 
the AMD transitions low. 


PREAMBLE SEARCH 


After the Address Mark (AM) has been detected, a 
Read Gate (RG) can be asserted low, initiating the 
remainder of the read lock sequence. When RG is 
asserted, aninternal counter counts negative transitions 
of the incoming read data (RD) looking for 3 
consecutive 3T preambles. Once the counter reaches 
count 3 (finds 3 consecutive 3T preambles) the internal 
read gate enables, switching the phase detecior from 
the external reference clock to the delayed read data 
input (DRD); at the same time a zero phase (internal) 
restart signal restarts the VCO in phase with the read 
reference clock. This prepares the VCO to be 
synchronized to data when the bit sync circuitry is 
enabled after VCO lock is established. 


VCO LOCK AND BIT SYNC ENABLE 


When the internal counter counts 16 more “3T” ora 
total of 19 negative transitions from RG enable, an 
internal VCO lock signal enables. The VCO lock signal 
activates the decoder bit synchronization circuitry to 
define the proper decode boundaries. Also, at count 
19, the RRC source switches fromthe external reference 
clock to VCO clock signal which is phase locked to 
DRD. The VCO is assumed locked at this point. A 
maximum of 2 RRC time periods may occur for the 
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RRC transition, however, no short duration glitches will 
occur. Afterthe bit sync circuitry sets the proper decode 
window (VCO in sync with RRC and RRC in sync with 
the data) NRZ is enabled and data is toggled in to be 
decoded for the duration of the read gate. 


BYTE SYNC AND NRZ OUT 


As the data is decoded, it is compared to a Sync Byte 
that was loaded prior to the read operation. When a 
match is found, RCLK and NCLK are resynchronized to 
the correct byte boundary. NRZ data then appears at 
the byte output beginning with the sync byte. The SBD 
output is also set low at this time. It remains low untilthe 
end of the read operation. A parity bit (NRZP) is also 
generated for each output byte (even parity). 


HARD SECTOR OPERATION 


In hard sector operation AMD remains inactive. A hard 
sector read operation does not require an address 
mark search but starts with a preamble search as with 
soft sector and sequences identically. In all respects, 
with exception to the address mark search sequence, 
hard sector read operation is the same as soft sector 
read. 


WRITE MODE 


Inthe write mode the circuit converts NRZ data fromthe 
controller into 1, 7 RLL formatted data for storage on 
the disk. The circuit can operate with a soft or hard 
sector hard drive. | 


In soft sector operation the circuit generates a 
“7,7, 11, 11” address mark and a preamble pattern. In 
hard sector operation the circuit generates a 19 x “ST” 
preamble pattern but no preceding address mark. 


NRZ data is clocked into the circuit, serialized and 
latched on defined cellboundaries. The NRZ input data 
must be synchronous with the rising edges of the 
WCLK. 


3X Vco Bit Syne 
oY Lock Sync Byte 


| RG Enable 


FIGURE 2: Disk Operation Lock Sequence in Read Mode Hard Sector Operation 
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WRITE MODE (Continued). 


Write precompensation circuitry is provided to 
compensate for media bit shift caused by intersymbol 
interference. The circuit recognizes specific write data 
patterns and can add or subtract delays in the time 
position of write data bits to counteract the read back 
bit shift. The magnitude of the time shift, TPC, is 
determined by an external resistor on the WCS pin. 


The circuit performs write precompensation according 
to the algorithm outlined in Tabie 3. | 


SOFT SECTOR 


In soft sector operation, when read gate (RG) 
transitions high, VCO source and RRC source switch 
from RD and 2VCO/3, respectively, to the external 
reference clock. At the same time the VCO (internal) 
lock goes inactive but the VCO is locked to the external 
reference clock. After delay of 1 NRZ time period (min) 
from RG high, the write gate (WG) can be enabled low 
while NRZ is maintained (NRZ write data) low. The 
address mark enable (AMEN) is made active (low) a 
minimum of 1 NRZ time period later. The address mark 
(consisting of 7 “O”s, 7 “O’s, 11 “Os, 11 “O”s) and the 
19 x “3T” preamble is then written by WD. While the 


PIN DESCRIPTION 


VPA1, VPA2 
PD 

AGND 

DGND 


Analog ground pin 
Digital ground pin 


input levels. 
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READ DATA: Encoded Read Data from the disk drive read channel. Differential +5 
volts offset ECL (PECL) input levels. 


READ GATE: Selects the PLL reference input and initiates the PLL synchronization 
sequence. A low level selects the RD input and enables the read mode/address detect 
sequences. A high level selects the XTAL input. See Table 2, TTL input levels. 


SYNC BYTE LATCH CONTROL: Used to latch the Sync Byte reference value into the 
internal Sync Byte comparator. During idle mode, the Sync Byte latch is transparent 

while SBL is high. An active low level latches the input Sync Byte. The Sync Byte latch 
is kept in a hold state during non-idle modes, independent of the state of the SBL 
control. Pin SBL has an internal pull-up resistor. TTL input levels. 


preamble is being written, WCLK is clocking in anall “0” 
NRZ byte. The first non-zero NRZ byte input is assumed 
tobe the sync byte. After adelay of 5 NRZ time periods, 
non-preamble data begins to toggle out WD. Finally, at 
the end of the write cycle, 2 bytes of blank NRZ time 
passes to insure the encoder is flushed of data; WG 
then goes high. WD stops toggling a maximum of 2 
NRZ time periods after WG goes high. 


As each NRZ byte is input for encoding, its parity is 
checked against the parity bit (NRZP). If a parity error 
is detected the PERR output flag is set high. It remains 
high until WG goes high. 


HARD SECTOR 


In hard sector operation, when read gate (RG) 
transitions high, VCO source and RRC switch 
references and VCO lock (internal) goes inactive as 
with soft sector but the AMEN (address mark enable) 
is kept high. — | 


The circuit then sequences from RG disable to WG 
enable and NRZ active as in soft sector operation. 


TYPE | DESCRIPTION | 


5 volt analog power supply pins 
_ 5 volt digital power supply pin 


ADDRESS MARK ENABLE: Used to enable the address mark detection and address 
mark generation circuitry. Active low TTL input levels. 
ENABLE PHASE DETECTOR: A low level (coast mode) disables the phase detector 
and enables the Test Mode. This opens the PLL and the VCO will run at the frequency 
commanded by the voltage on the VCO IN pin. (In the Test Mode, functions normally 


driven by the VCO are switched to XTAL.) Pin EPD has an internal pull-up resistor. TTL 
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PIN DESCRIPTION (Continued) 


TYPE | DESCRIPTION 


WRITE/WINDOW CONTROL BITS: In Write Mode, pins WO and W1 control the 
magnitude of the write precompensation (see Table 4). In Read Mode, pins WO and 
W1, W2 control the magnitude of the decode window shift. Each pin has an internal pull- 
up resistor. TTL input levels. 


WRITE PRECOMPENSATION LATCH CONTROL: Used to latch the write 
precompensation control bits WO and W717 into the internal DAC. The latch is 
transparent while WL is high. An active low level latches the input control bits. Pin WL 
has an internal pull-up resistor. TTL input levels. 


WRITE CLOCK: Write mode byte clock. Must be synchronous with the Write Data NRZ 
input. For short cable delays, WCLK may be connected directly to pin RCLK. For long 
cable delays, WCLK should be connected to an RCLK return line matched to the NRZ 
data bus line delay. TTL input levels. 


WRITE GATE: Enables the write mode. See Table 2. Active low TTL input levels. 


WINDOW SYMMETRY DIRECTION CONTROL: Controls the direction of the decode 
window shift. Each pin has an internal pull-up resistor. TTL input levels. 


WINDOW SYMMETRY LATCH CONTROL: Used to latch the window symmetry 
control bits WO , W1, W2 and WSD into the internal DAC. The latch is transparent while 
WSL is high. An active low level latches the input control bits. Pin WSL has an internal 
pull-up resistor. TTL input levels. 
ADDRESS MARK DETECT: Tristate output pin that is in its high impedance state when 
WG is low or AMEN is high. When AMEN is low, this output indicates address mark 
search status. A latched low level output appears when an address mark has been 
‘detected. A high level on pin AMEN resets pin AMD. TTL output levels. 


DELAYED READ DATA: An open emitter ECL output test point. The positive edges of 
this signal indicate the data bit position. The positive edges of the DRD and VCO_REF 
outputs can be used to estimate window centering. The time jitter of DRD’s positive 
edge is an indication of media bit jitter. Two external resistors are required to use this 
pin. They should be removed during normal operation to reduce power dissipation. 


NIBBLE CLOCK: A half-byte clock synchronized to RCLK. It runs at twice the RCLK 
frequency. TTL output levels. 

PARITY ERROR FLAG: Active during write mode and during Sync Byte loading. When 
WG is low, the contents of the NRZ write data input register is examined and compared 
with the NRZP write data parity bit. Even parity is assumed. For example, PERR 
becomes active when NRZ7-0 and NRZP are all high. Parity checking is performed 
after each WCLK load operation. If the input data contains a parity error, or ifthe WCLK 
timing causes the input register to contain a parity error, an internal write parity error 
flag is set. If a parity error occurs during a write operation, the Write Data encoding will 
continue to function normally. This error flag is reset low when WG goes high. 


Independent of WG, a separate circuit monitors the Sync Byte. Each time SBL 
transitions from high to low, the contents of the Sync Byte latch is compared with the 
NRZP data parity bit. If a parity error exists, an internal Sync Byte parity error flag is 
set. This flag is reset low when SBL goes high. The PERR output displays the write 
parity flag condition when WG is low. When WG is high, PERR outputs the state of the 
Sync Byte parity error flag. TTL output levels. 
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PIN DESCRIPTION (Continued) 


cae TYPE | DESCRIPTION 


READ CLOCK: A multiplexed byte clock source used by the controller, see Table 2. 
During a mode change, no glitches are generated and no more than one lost clock 
pulse will occur. When RG goes low, RCLK initially remains synchronized to XTAL/12. 
When the Sync Byte is detected, RCLK is synchronized to the Read Data. When RG 
goes high, RCLK is synchronized back to the XTAL/12. TTL output levels. 

SYNC BYTE DETECT: A TTL output that transitions low upon detecting a Sync Byte. 
This transition is synchronized to the first NRZ byte out following the sync byte. Once 
it transitions, SBD remains low until RG is raised, when it is returned to a high siate. 
VCO REFERENCE: An open emitter ECL output test point. This is the VCO reference 
input to the phase detector. The positive edges are phase locked to Delayed Read 
Data. The negative edges of this open emitter output signal indicate the edges of the 
decode window. Two external resistors are required to use this pin. They should be 
removed during normal operation to reduce power dissipation. 

WRITE DATA: Encoded write data flip-flop output. The data is automatically 
resynchronized (independent of the delay between RCLK and WCLK) to the XTAL 
reference clock. Differential +5 volts offset ECL (PECL) output levels. 

NRZ DATA PORT: Read data output when RGis low, write data input when WG is low, 
and Sync Byte input when both RG and WG are high. TTL input and output levels. 
NRZ DATA PARITY BIT: Generated read data parity bit output when RG is low, write 
data parity bit input when WG is low, and Sync Byte parity bit input when both RG and 
WG are high. In read mode, even parity is generated. For example, when NRZ7-0 are 
all high, NRZP will be set low. TTL input and output levels. 


CURRENT REFERENCE INPUT: The VCO center frequency, the 1/3 cell delay, and 
the phase detector gain are a function of the current sourced into this pin. 

PHASE DETECTOR OUTPUT: Drives the loop filter input. 
WINDOW SYMMETRY ADJUST PIN: This pin allows analog adjustment of the decode 
window shift magnitude. Used in conjunction with the digital controls WO and W1, W2 | 
this pincan be used to scale the magnitude of the preset window shift. Connect resistor 


VCO CONTROL INPUT: Driven by the loop filter output. 


WRITE PRECOMPENSATION SET: Pin for the reference current to set the write 
precompensation magnitude value. 


REFERENCE FREQUENCY INPUT: The pin frequency is at one and one-half times 
the data rate. If a crystal oscillator is used, an AC coupled parallel LC circuit must be 
connected from XTAL1 to ground. The crystal is connected between XTAL1 and 
XTAL2. If a crystal oscillator is not desired, XTAL1 may be driven either by a direct 
coupled TTL signal or by an AC coupled ECL signal, with XTAL2 open. 
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ELECTRICAL SPECIFICATIONS 
Unless otherwise specified, 4.75V < VPA/VPD < 5.25V, 0 °C < T(ambient) < 70 °C, 25°C < T(junction) < 135 °C. 
Currents flowing into the chip are positive. Current maximums are currents with the highest absolute value. 


ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may damage the device 


PARAMETER 
Supply Voltage, VPA1, VPA2, VPD -0.3 to 6 


V 
Storage Temperature -65 to 150 °C 


Lead Temperature (Soldering 10 sec.) 0 : °C 


NRZO - NRZ7, RCLK, NCLK, WDT, WOT, -0.3 to (VPA/VPD+0.3), 
AMFND, SBFND, VCOREF, DRD Pins or+12 


ICC (VPA, VPD) Outputs and test point pins open, 
Supply Current Ta=70°C 


PWR Outputs and test point pins open, 
Power Dissipation Ta = 70 °C 


DIGITAL INPUTS AND OUTPUTS 


TTL Compatible inputs: AMENB, EPD, NRZ0-NRZ7 (bid.), NRZP (bid.), RG, SBL, WO, W1, W2, WL, WCLK, 
WG, WSD, WSL Pins 


Input Low Voltage (VIL) 

Input High Voltage (VIH) 

Input Low Current VIL=0.4V 
Input High Current VIH =2.4V 


Note: “bid.” means bi-directional 
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TTL Compatible Outputs AMD, NCLK, NRZ0O-NRZ7 (bid.), NRZP (bid.), PERR, RCLK, SBD Pins 


PARAMETER CONDITION 


Output Low Voltage lol = 4.0 mA 
Output High Voltage loh = -400 LA 


Digital Differential Inputs: RD, RD Pins 


Input High Current VIH = Max 


Digital Differential Outputs: WD, WD Pins 


Output Low Voltage lol = TBD 
Output High Voltage loh = TBD 


Differential Voltage |\Vwp - Vwo| 


Test Point Output Levels 


Test Point Output 262Q to VPA, 
High Level 4020 to GND 
DRD, VCO REF VPA =5V | 


Test Point Output 262Q to VPA, 
Low Level 402Q to GND 
DRD, VCO REF VPA = 5V 


DYNAMIC CHARACTERISTICS AND TIMING 
READ MODE 


Read Data Pulse Width (TPRD) 
Read Data Rise Time (TRRD) | 20% to 80%, CL < 10 pF 


Read Data Fall Time (TFRD) 80% to 20%, CL < 10 pF 


Read Clock Rise Time (TRRC) | 0.8V to 2.0V, CL < 15 pF 


Read Clock Fall Time (TFRC) | 2.0V to 0.8V, CL< 15 pF 
NCLK Rise Time (TRNC) 0.8V to 2.0V, CL< 15 pF 
NCLK Fall Time (TFNC) 2.0V to 0.8V, CL< 15 pF 


NRZ (out) Set Up & 
Hold Time (TDS, TDH 


) 
SBD Set up & Hold Time 
(TSBS, TSBH) 
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READ MODE (Continued) 


PARAMETER CONDITION | omIN | typ | MAX | UNITS 


RCLK Pulse Width (TRD) 


RCLK Duty Cycle 
NCLK Pulse Width (TQD) 
NCLK Pulse Width (TQD) 
NCLK Skew (TQS) 


VCO re-sync 0.4 TORC 
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1.25 TORC 


BYTE re-sync 0.4 TORC 
40 


(TORC/4)-5 


Except during re-sync 


1.6 TORC 


60** 
(TORC/4)+5 


During re-sync TORC/4-5 


3TORC/4+5_ 


-20 


20 


RCLK Resync Period (Tdc2) 


TORC 


(2)TORC | 


NCLK Resync Period (Tdc1) 


TORC/2 


TORC 


Decode Window Centering 
Accuracy 


Decode Window 


™ Except during re-sync 


WRITE MODE 


Write Data Fall Time (TFWD) 


Write Data Clock Rise Time 
(TRWC) 


Write Data Clock Fall Time 
(TFWC) 


NRZ Set Up Time (TSNRZ) 
NRZ Hold Time (THNRZ) 


Precompensation Time Shift 
Magnitude Accuracy (TPC) 


DATA SYNCHRONIZATION 


VCO Center Frequency 
Period (TVCO) 


VCO Frequency 
Dynamic Range 


VCO Control Gain (KVCO) 
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£0.75 


TVCO -0.75 


80% to 20% Points 
110QtoVPD, 160Qto DGND 


0.8V to 2.0V, 
CL < 15 pF 
2.0V to 0.8V, 
CL < 15 pF 


TPCO = 0.22 (Rc + 0.53) 
Re min=1 KQ, Re max=0.3TXTA 


WO =1 W1=1 


0.5 


WO =0 Wi=1 0.8 TPCO 


1.2 TPCO 


2 (0.8 TPCO) 
3 (0.8 TPCO) 


VCO IN=2.7V, VPA=VPD=5V 
TO=3.6 (RR+1.7), 
RR=(185/DR)-1.7K 


1.0V<VCOIN 
< VPA - 0.6V 


VPA=VPD =5V 
wo = 2n/TVCO 
1.0V<VCOIN 

< VPA - 0.6V 
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DATA SYNCHRONIZATION (Continued) | | 
PARAMETER : CONDITION | MIN | TYP {| MAX | UNITS 


Phase Detector Gain (KD) VPA=VPD=5V 
Read: KD=750/(RR + 0.53) 
Non-Read: KD=375/(RR + 0.53 


KVCO x KD Product Accuracy | 
VCO Phase Restart Error Referred to RRC 


1/3 Cell Delay VCC = 5.0V 
TD=1.8 (RR + 1.7); RR = kQ 0.8TD 


CONTROL TIMING 


WO, W1, WSD Set Up and | 
Hold Time (TSWC, THWC) 


) 


WL, WSL Pulse Width (TWL) 


Sync Byte NRZ Set Up and 
Hold Time (TSSB, THSB) 


SBL Pulse Width (TSB) 
Sync Byte Parity Error 
Output Delay (TDSE) 
Sync Byte Parity Error 
Reset Delay (TSER) 


MODE CONTROL 


Idle mode. VCO locked to external XTAL reference. Byte clock and 4-bit clock 

(SB Enable) synchronizedto XTAL. NRZO-NR2Z7 tri-stated. AMD high. SB latch transparent. 
SB latch in a hold state. Other conditions same as idle mode. . 

AM Search Read mode Address Mark search. VCO locked to external XTAL reference. 
Byte clock and 4-bit clock synchronized to XTAL. NRZ0O-NRZ7 tri-stated. AMD 
active. 

Read mode preamble search and data acquisition. VCO switched from XTAL 
to RD after preamble lock. Byte clock and 4-bit clock synchronized to RD after 
Sync Byte found. NRZ0-NR2Z7 active. SBD active. 

Illegal state. 

Write mode Address Mark insertion. VCO locked to external XTAL reference. 
Byte clock and 4-bit clock synchronized to XTAL. WD, WD active. NRZ0-NRZ7 
tri-stated. AMD high. 

Write mode preamble insertion and data write. VCO locked to external XTAL 
reference. Byte clock and 4-bit clock synchronized to XTAL. WD, WD active. 
NRZO-NRZ7 tri-stated. AMD high. 

Illegal state. 


Illegal state. 
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WRITE PRECOMP CONTROL 


WL - Write precomp latch control 


0 — Write precomp control latches in hold state 
1 — Write precomp control latches in transparent state 


W1, WO - Write precomp magnitude control bits 
00 > 3x (maximum) shift 

01 > 2x shift 
10 — 1x shift 
11 — No shift 


WINDOW SHIFT CONTROL WINDOW SHIFT MAGNITUDE CONTROL BITS 
WSL - Window shift latch control TSO (decode window %) 
1 1 1 


0 — Window shift control latches in hold state No shift | 
1 — Window shift control latches in transparent state 1 1 0 4% Minimum shift 
8% 
| WSD - Window shift direction control 42% 
0 > Early window (+TS) 15% 
1 + Late window (-TS) 18% 


22% Maximum shift 


Window shift with RRS used: (2KQ < RRS < 16 KQ) 
RRS TSO = Window shift set by WO - W1 with no RRS 


RRS+0.8 


TS= Tso 


1/3 Cell >} 


VCO | | | | | | | 
Decade Window. (SS 


Phase Detect 
Enable (Internal) 


RRC (Internal) | | | 
NRZ Bit Cell 93> >} 


FIGURE 3: Data Synchronization Waveforms 
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wrzoda XK Xe Ko Ko 
WV, 


ee KOO RY eS 
Previous 


Code Word Code Word 
Last Bit First Bit 


FIGURE 4: NRZ Data Word Comparison to 1, 7 Code Word Bit 
(See Table 1 for Decode Scheme) 


TABLE 1: 1, 7 RLL Code Set TABLE 3: Write Precompensation Algorithm 


jer | ot | et | et | et | compensation 


n-2 “ i 
: 
0 
1 


Notes Late: Bitn is time shifted (delayed) from its normal 
time position towards the Bit n+1 time position. 

Early: Bit n is time shifted (advanced) from its normal 

time position towards the Bit n-1 time position. 


Previous Data Bits 
Code Word 
Last Bits } Present Next Code Bits 


x< 
oO 
>) 


TABLE 4: Write Precompensation Magnitude 


Magnitude, TPC 


3 (TPCO) 
2 (TPCO) 
TPCO 
0 


- -ontal magnitude TPCO is externally set with 
a resistor on pin WCS. 


<x <x <x& KOO -= < X< &X 
Ooo ai ao MoM ar ao) 
¥Ont OF 0208 OA0 
FO KK RK KKK HO K XK 
200 0O0CCOOA Oo = 
2-323 00D DCO = a 


sS7-4tse+4 CO OOOO COO 
YodnD OOOO OA aa 
SeCCOoOnROHA OHA DOO 


~< 
NR 
O 
NO 
Oo 
Ww 
oO 
pa 
= 
~< 
a) 


| X = Dont Care; 
* = Not All Zeros 


TABLE 2: Clock Frequency 


foie ies Rane Eee Ea | 


— XTAL/12 | XTAL XTAL 
1 VCO/12 | VCO XTAL 
0 oa XTAL/12) XTAL XTAL 


Notes 1: Until the VCO locks to the new source, 
the VCO entries will be XTAL. 

2: Until the VCO locks to the new source, 
the VCO/12 entries will be XTAL/12. 

3: WG = RG = O is undefined. 
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FIGURE 6: Write Timing 


1.5V 
|. ssp THSB a 
TSB ol 
SBL 1.5V, 1.5V 1.5V 


ae | ee a 
PERR we 1.5V  ~—_1.5V 


FIGURE 7: Control Timing 
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Preamble 
720" 7 “0” 11 “0” 11 “O” “3T” Patterns 


1 0000000 1 0000000 1 00000000000 1 00000000000 1 00 1 00 1 00 100 1001 


1 Zero Timing Minimum = yy! Encoded Data Time Max Delay 


AMD 
6 “0” Detect 9 “0” Detect 


~«— Tristate Bistable 


1 Zero Timing Minimum 7 y! Encoded Data 
Time Max Delay 
[~e— 


<« 


6 “0” Detect 9 “0” Detect 
~<«— Tristate Bistable Tristate —————_»> 


6 “0” Detect 9 “O” Detect 


If 5 bits of RD are detected after 6 “0” are found and 
before 9 “O” are found then restart and look for 6 “0” 


Abb bod 
CT1 CT2 CT3 CT4 CT5 
6 “0” |» Restart 


FIGURE 8: Address Mark Search 
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RG | a ede a, | 
RG (internal) | | ; 


00 100 100 100 
Zero Phase | | | | 
Restart (internal) 
FLTR oN 
VCO Lock (internal) | | 


v \ v, v, v, v, Y, Y, Y, \/ \/ 
C6 Ge? ee oe ae 6 
ag Max 2 a sc | Max 2 es 


RRC RRC 
Periods Periods Periods 


NRZ / X X x \ eee 
Bit Syne Search | Enable | Disable 
RCC Source XTAL Clock | VCO Clock | 
Phase Detector Source __xTarcick [voocck 


Internal Counter 


FIGURE 9: Read Mode Locking Sequence (Soft and Hard Sector) 
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ee 
VCO Lock | | 
{internal) 


Td4 Td4 = 12 -14NAZ 


be Toc1-» b«— toc1—» bw TC1-» 
RCLK 
L+-Toc2_—»] j«—— Toc2—___» |«—-Toc2-——_»| 
NRZO-7, 
SBD 


FIGURE 10: Read Mode NRZ Data Timing 


1 NRZ Min 
WG j | 
1 NRZ Min 
(internal) Vie NRZ Max 


Timing between AMEN and start 
of NRZ timing must meet time 
4 requirements of Write Data 


| AM | ENC DATA | AM | ENC DATA | AM ENC DATA | AM | ENC DATA | 


FIGURE 11: Multiple Address Mark Write 
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a. se 
a NRZ Min 


WG 
(internal) | | 


Min 38 NRZ if no AMD 


Min 62 NRZ recommended 
1 NRZ Min ("001” patterns) 
27 NRZ Max 


Max of 3 x 3T (1, 7) delay to 
sync WAM to internal state 
| 5 NRZ pad to 


Max of 5 NRZ delay 
flush encoder 


|, Address ee ae Preamble—»}«——— Encoded Data ———> 


(19x3T pattern) 


VCO Lock a 
(internal) 


vco RDB 
Source <tetaee XTAL 


RRC 2VCO/3 
Source tte 2XTAL/B 


Internal 
RRC 


Max 2 Time Periods of RRC 


FIGURE 12: Write Data 
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RG 
Td5 = 1 NRZ Min [+ | Td10 = 1 NRZ Min 
Td5 | Td10 : 

WG 

RCLK 
}~-—TDC2——> 
NCLK 
WCLK 
NRZO-7, ee 
NRZP ae /_§8 DX oto XK om11 MK gre \ 
- Td9 = 14 NRZ Min 
Td6=6-8NRZ |, 196 1, te? os Ta7 = 12-14 NAZ je Td8 = 2 NRZ Max 
WD a Se 


FIGURE 13: Write Mode NRZ Timing 


SB7 | SB6 SB4 SB1 |SBO} DT7 | DT6 | DT5| DT4 | DT3 | DT2 | DT1 | DTO} DT7 | DT6 | DTS | DT4 | DT3 | DT2)| DT1 | DTO 
NRZ|NRZ NRZ NRZ|NRZ{|NRZ|NRZ |NRZ|NRZINRZINRZ|NRZINRZ|NRZINRZINRZINRZINRZ INRZ|NRZ|NRZ 

7 | 6 4 1 O;17;6;,5{[4]/3],2 {1 O;j7;6;4,5;,4j,3 4,2) 1 0 
ae Se Pye RI 


Read/Write Direction 


FIGURE 14: Parallel/Serial Conversion Format 
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PACKAGE PIN DESIGNATIONS 
or a Static sensitive component. 


(Top View) 3 
Pd Q 
yo ui Q Zou 
¢3peb fee seh 
al Fe 
5 1 44 
NRz7 [17 DRD 


NRZ6 |_| 8 38 |__| VCO REF 
NRZ5 L_]| 9 37 |__] PD OUT 
NRZ4 |_| 10 36 |__| VCOIN 


NRZ3 (_| 11 35 |__| VPAI 
NRZ2 [_] 12 34 [|] WL 
NRZi [__] 13 33 |__] WSL 
NRZO |_| 14 32 |_|] RS 
NRZP |_| 15 31 |__| WSD 
PERR |__| 16 30 |_| WO 
SBD [| 17 29| | W1 
21 22 23 24 

Qo 0a ¥ “a la {a - W NI 

a2-44fe7372e5 a me oO Ig 

a AD tee < = 

a ee K 7; 
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DESCRIPTION 

The SSI 32D5391 is intended to be used as a data/ 
clock recovery circuit for 1, 7 RLL code in high 
performance hard disk drive systems witha +5V supply. 
FEATURES 

e Data synchronizer and 1, 7 RLL ENDEC 

¢ Up to 40 Mbit/s operation 


- Datarate programmedwitha single external 
resistor or current source 


e Direct write capability 


e Fast acquisition phase locked loop with zero 
phase restart technique 


SSI 32D5391 
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Advance Information 


December 1991 


Fully integrated data separator 


- No external delay lines or active devices 
required 


Programmable decode window symmetry 
control 


- Includes delayed read data and VCO clock 
monitor points 


Programmable write precompensation 
Hard and soft sector operation 

Uses standard 5V + 5% supply 

44-pin PLCC package 


BLOCK DIAGRAM 


va Phase 
», Detector 


1, 7 Decode 


Address Mark 


Generator 
ont Write 
: | Precompensation 


Analog Ground iat 
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Controlled RRC 
Oscillator 


Analog Digital 
+5 
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1. DGND 
~ Digital Ground 
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PIN DEFINITION 
INPUT PINS 


| NAME —'|s:‘ TYPE | DESCRIPTION 
VPA1, VPA2 5 volt analog power supply pins. 
5 volt digital power supply pin. 


ADDRESS MARK ENABLE: Used to enable the address mark detection and address 
mark generation circuitry. Active low TTL input levels. 
DIRECT WRITE ENABLE: Use to enable the direct write mode. A high level allows 
normal write operation. A low level enables the encoder bypass mode. In this bypass 


mode, each falling edge of WONRZ will directly clock the WD flip-flop when WG is low. 
Pin DW has an internal pull up resistor. TTL input levels. 


ENABLE PHASE DETECTOR: A low level (coast mode) disables the phase detector 
and enables the Test Mode. This opens the PLL and the VCO will run at the frequency 
commanded by the voltage on the VCO_IN pin. (In the Test Mode, functions normally 
driven by the VCO are switched to XTAL.) Pin EPD has an internal pull-up resistor. TTL 
input levels. 


REFERENCE FREQUENCY INPUT: The pin frequency is at one and one-half times 
the data rate. FREF may be driven either by an AC coupled suitably attenuated TTL 
signal or by an AC coupled ECL signal. 


READ DATA: Encoded Read Data from the disk drive read channel. Differential 
pseudo ECL (PECL) input levels. 


READ GATE: Selects the PLL reference input and initiates the PLL synchronization 
~ sequence. A low level selects the RD input and enables the read mode/address detect 


sequences. A high level selects the XTAL input. See Table 2, TTL input levels. 


WINDOW SHIFT CONTROL BITS: In Read Mode, pins W, Wi and W2 control the | 
| magnitude of the decode window shift. Each pin has an internal pull-up resistor. TTL 
input levels. 


WINDOW SYMMETRY DIRECTION CONTROL: Controls the direction of the decode | 
window shift. The pin has an internal pull-up resistor. TTL input levels. 

WRITE CLOCK: Write mode clock. Must be synchronous with the WDNRzZ input. For 
short cable delays, WCLK may be connected directly to pin RRC. For long cable 


delays, WCLK should be connected to an RRC return line matched to the WONRZ data 
line delay. TTL input levels. 


NRZ WRITE DATA INPUT PIN: This pin can be connected to the NRZ pin to form a 
bidirectional data port. Pin WONRZ has an internal pull up resistor. TTL input levels. 


WRITE PRECOMPENSATION CONTROL BITS: In Write Mode, pins WP0O and WP1 
control the magnitude of the write precompensation. Each pin has an internal pull up 
resistor. TTL input levels. 


WRITE GATE: Enables the write mode. Active low TTL input levels. 
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PIN DEFINITION (continued) 


OUTPUT PINS © 
TYPE | DESCRIPTION 


AGND Analog ground pin 
Digital ground pin 


DGND 
ADDRESS MARK DETECT: Tristate output pin that is in its high impedance state when 


a WG is low or AMENB is high. When AMENB is low, this output indicates address mark 


search status. A latched low level output appears when an address mark has been 
detected. A high level on pin AMENB resets pin AMD. TTL output levels. 
- “| 


outputs can be used to estimate window centering. The time jitter of DRD’s positive 
edge is an indication of media bit jitter. Two external resistors are required to use this 
pin. They should be removed during normal operation to reduce power dissipation. 


REFERENCE CLOCK ENABLE: When this output is high, the FREF clock is controlling 
the internal timing. When this output is low, the FREF clock is internally disabled. The 
output from pin FOEN can be used to disable the clock applied to the FREF pin to 
reduce VCO jitter during read modes. TTL output levels. 


NRZ READ DATA OUTPUT: Tristate output pin that is enabled when read gate is 
active. This pin can be connected to the WONRZ pin to form a bidirectional data port. 
TTL output levels. 


READ CLOCK: A multiplexed bit clock source used by the controller, see Table 2. 
During a mode change, no glitches are generated and no more than one lost clock 
pulse will occur. When RG goes low, RRC initially remains synchronized to 2FREF/3. 
After 19 read data pulses, RRC is synchronized to the Read Data. When RG goes high, 
RRC is synchronized back to 2FREF/3. TTL output levels. 


VCO REFERENCE: An open emitter ECL output test point. This is the VCO reference 
input to the phase detector. The positive edges are phase locked to Delayed Read 
Data. The negative edges of this open emitter output signal indicate the edges of the 
decode window. Two external resistors are required to use this pin. They should be 
removed during normal operation to reduce power dissipation. 


WRITE DATA: Encoded write data flip-flop output. The data is automatically 
resynchronized (independent of the delay between RRC and WCLK) to the FREF 
reference clock. Differential ECL output levels. 


DELAYED READ DATA: An open emitter ECL output test point. The positive edges of 
VCO REF 


this signal indicate the data bit position. The positive edges of the DRD and VCO_REF 
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PIN DEFINITION (Continued) 
ANALOG PINS 


TYPE | DESCRIPTION | 


IREF CURRENT REFERENCE INPUT: The VCO center frequency, the 1/3 cell delay, and 
the phase detector gain are a function of the current sourced into this pin. 
PD OUT PHASE DETECTOR OUTPUT: Drives the loop filter input. 


WINDOW SYMMETRY ADJUST PIN: A resistor connected between this pin and VPA 
allows analog adjustment of the decode window shift magnitude. Used in conjunction 
with the digital controls WO , W1 and W2, this pin can be used to scale the magnitude 


RS | 
of the preset window shift. Connect resistor to VPA. 


VCO IN VCO CONTROL INPUT: Driven by the loop filter output 


WCS WRITE PRECOMPENSATION SET: Pin for the reference current to set the write 
precompensation magnitude value. 


ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may damage the device 


PARAMETER RATING 


Positive 5.0V Supply Voltage, 6V 
VPA1, VPA2, VPD 
Storage Temperature -65 to 150°C 


Lead Temperature (Soldering 10 sec.) 260°C 
FOEN, NRZ, RRC, WD, WD, AMD, VCOREF, DRD Pins | 0.3V to VPA/VPD+0.3 or +12 mA 


-0.3V to VPA/VPD+0.3 


All other pins 


4-136 1291 - rev. 


SSI 32D5391 
Data Synchronizer 
& 1,7 RLL ENDEC 


PACKAGE PIN DESIGNATIONS 
or a static sensitive component. 


(Top View) 


a= A 2 sas 
eS etoep ogg a W 
> a x<2zazaiw as 
bo mea ae ns es 2 ee Ls oe 
6 3.2 1 
NIC [| 7 O 39 [] N/C 
WCLK [] 8 38 [] DAD 


WDNRZ [] 9 37 {] VCO REF 
BW [J 10 36 [] PD OUT 
N/C [] 11 35 {] VCO IN 
N/C [] 12 341] VPA1 
WD [] 13 WP1 
WD [] 14 WPO 
VPD [] 15 31{] RS 

DGND [] 16 30 [] WSD 


N/C [] 17 29;)N/C 
23 
Ey Lo co i ae 
N o 2 loool’ ez ie 


44-Pin PLCC 


Advance Infromation: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for 
final design. 
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DESCRIPTION 

The SSI 32D5392 is intended to be used as a data/clock 
recovery circuit for 1, 7 RLL code in high performance 
hard disk drive systems with a +5V supply. 
FEATURES 

¢ Data synchronizer and 1,7 RLL ENDEC 

¢ Dual bit bi-directional data bus interface 


e Up to 48 Mbit/s operation 


- Datarateprogrammedwithasingle external 
resistor or current source 


e Direct write capability 


¢ Fast acquisition phase locked loop with zero 
phase restart technique 


BLOCK DIAGRAM 


Address Mark 


Generator 


Write 
Precompensation 


DW WPO WP7 GND 1. 
Analog Ground — 
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Advance Information 


December 1991 


Fully integrated data separator 


- No external delay lines or active devices 
required 


Programmable decode window symmetry 
control 


- Includes delayed read data and VCO clock 
monitor points 


Programmable write precompensation 
Hard and soft sector operation 

Uses standard 5V + 5% supply 

36-pin SOM package 


Serial/Parallel 
Interface and 
Control 


NRZ1 
NRZO 


[_ DGND 
~ Digital Ground 
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PIN DESCRIPTION 


TYPE | DESCRIPTION 


V analog power supply pins. 

5 V digital power supply pin. 

Analog ground pin. 

Digital ground pin. 

ADDRESS MARK ENABLE: Used to enable the address mark detection and address 

mark generation circuitry. Active low TTL input levels. 

ENABLE PHASE DETECTOR: A low level (coast mode) disables the phase detector 

and enables the Test Mode. This opens the PLL and the VCO will run at the frequency 

commanded by the voltage on the VCO IN pin. (In the Test Mode, functions normally 

driven by the VCO are switched to FREF.) Pin EPD has aninternal pull-up resistor. TTL 

input levels. 
READ DATA: Encoded Read Data from the disk drive read channel. Differential +5 
volts offset ECL (PECL) input levels. | 

READ GATE: Selects the PLL reference input and initiates the PLL synchronization 

sequence. A low level selects the RD input and enables the read mode/address detect 

sequences. A high level selects the FREF input. TTL input levels. 

WINDOW CONTROL BITS: In Read Mode, pins WO and W1, W2 control the 

magnitude of the decode window shift. Each pin has an internal pull-up resistor. TTL 

input levels. 

WINDOW SYMMETRY DIRECTION CONTROL: Controls the direction of the decode 

window shift. The pin has an internal pull-up resistor. TTL input levels. 


WRITE CLOCK: Write mode dual bit clock. Must be synchronous with the Write Data 
NRZ input. For short cable delays, WCLK may be connected directly to pin RCLK. For 
long cable delays, WCLK should be connected to an RCLK return line matched to the 
NRZ data bus line delay. TTL input levels. 


WRITE GATE: Enables the write mode. Active low TTL input levels. 


ADDRESS MARK DETECT: Tristate output pin that is in its high impedance state when 
WG is low or AMEN is high. When AMEN is low, this output indicates address mark 
search status. A latched low level output appears when an address mark has been 
detected. A high level on pin AMEN resets pin AMD. TTL output levels. 


DELAYED READ DATA: An open emitter ECL output test point. The positive edges of 
this signal indicate the data bit position. The positive edges of the DRD and VCO_REF 
outputs can be used to estimate window centering. The time jitter of DRD’s positive 
edge is an indication of media bit jitter. Two external resistors are required to use this 
pin. They should be removed during normal operation to reduce power dissipation. 
DIRECT WRITE ENABLE: Used to enable the direct write mode. A high level allows 
normal write operation. A low level enables the encoder bypass mode. In this bypass 
mode, the falling edge of NRZO will directly clock the write data flip flop when WG is low. 
Pin DW has an internal pull up resistor. TTL input levels. 
REFERENCE CLOCK ENABLE: When this outputis high, the FREF clock is controlling 
the internal timing. When this output is low, the FREF clock is internally disabled. The 
output from pin FOEN can be used to disable the clock applied to the FREF pin to 
reduce VCO jitter during read modes. TTL output levels. | 
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PIN DESCRIPTION (continued) 


}NAME —_—|s TYPE] DESCRIPTION 


READ CLOCK: A multiplexed dual bit clock source used by the controller. During a 
mode change, no glitches are generated and no more than one lost clock pulse will 
occur. When RG goes low, RCLK initially remains synchronized to 2FREF/3. After 19 
read data pulses, RCLK is synchronized to the Read Data. When RG goes high, RCLK 
is synchronized back to the 2FREF/3. TTL output levels. 

WRITE PRECOMPENSATION CONTROL BITS: In Write Mode, pins WP0 and WP1 
control the magnitude of the write precompensation. Each pin has an internal pull-up 
resistor. TTL input levels. 

VCO REFERENCE: An open emitter ECL output test point. This is the VCO reference 
input to the phase detector. The positive edges are phase locked to Delayed Read 
Data. The negative edges of this open emitter output signal indicate the edges of the 
decode window. Two external resistors are required to use this pin. They should be 
removed during normal operation to reduce power dissipation. 

WRITE DATA: Encoded write data flip-flop output. The data is automatically 
resynchronized (independent of the delay between RCLK and WCLK) to the FREF 
reference clock. Differential +5 volts offset ECL (PECL) output levels. 


CURRENT REFERENCE INPUT: The VCO center frequency, the 1/3 cell delay, and 
the phase detector gain are a function of the current sourced into this pin. 

PHASE DETECTOR OUTPUT: Drives the loop filter input. 

WINDOW SYMMETRY ADJUST PIN: This pin allows analog adjustment of the decode 
window shift magnitude. Used in conjunction with the digital controls WO and W1, W2 
this pin can be used to scale the magnitude of the preset window shift. Connect resistor 
to VPA. 


VCO CONTROL INPUT: Driven by the loop filter output. 


WRITE PRECOMPENSATION SET: Pin for the reference current to set the write 
precompensation magnitude value. 


REFERENCE FREQUENCY INPUT: The pin frequency is at one and one-half times 
the data rate. FREF may be driven either by an AC coupled suitably attenuated TTL 
signal or by an AC coupled ECL signal. 
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PACKAGE PIN DESIGNATIONS 
(Top View) 


RD RD 
VPA2 AGND 
AMEN EPD 

WG IREF 

RG SD 
WCLK DRD 

DW VCO_REF 

WD PDOUT 

WD VCO_IN 
NRZO VPA1 
NRZ1 WP1 
DGND WPO 

VPD RS 

RCLK WSD 
FOEN wo 
AMD [| 16 Wi 
FREF []| 17 W2 

N/C [| 18 WCS 


36-Lead SOM 
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DESCRIPTION 


The SSI 32D4010 Data Synchronizer/1, 7 RLL ENDEC 
provides data recovery and data encoding for storage 
systems which employ a 1, 7 RLL encoding format. 
Data synchronization is performed with a fully inte- 
grated high performance PLL. A zero phase restart 
technique is used to minimize PLL acquisition time. 
The VCO frequency setting elements are incorporated 
within the SSI 32D4010 for enhanced performance 
and reduced board space. Data rate is established 
with a single external programming resistor. The SSI 
32D4010 utilizes an advanced bipolar process tech- 
nology which affords precise decode window control 
without the requirement of an accurate 1/3 cell delay or 
external devices. The SSI 32D4010 requires a single 
+5V supply. 
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Data Synchronization/1, 7 RLL ENDEC 
with Write Precompensation 


Advance Information 


May 1991 
FEATURES 


¢ Data Synchronizer and 1,7 RLL ENDEC 
¢ 12 to 24 Mbit/s operation - Data Rate 
programmed with a single external resistor 


e Fast acquisition phase lock loop 
— Zero phase restart technique 


e¢ Fully integrated data separator 
- No external delay lines or active devices 


required 


¢ Power-down mode (<1 mW) 

¢ Programmable decode window symmetry control 
e Programmable write precompensation 

¢ Hard and soft sector operation 

e +5V operation 

°¢ 36-Pin SO package 

® 


Test outputs - Allow drive margin testing 


DECODE WINDOW 
SHIFT CONTROL 


ene VOLTAGE s 
ee ey GONTROLLED fo 
———— OSCLLATOR |: . 


GND DGND 


ANALOG DIGITAL 
GND GND 
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OPERATION 


The SSI 32D4010 is designed to perform data recov- 
ery and data encoding in rotating memory systems 
which utilize a 1,7 RLL encoding format. In the Read 
Mode the SSI 32D4010 performs Data Synchroniza- 
tion, Sync Field Search and Detect, Address Mark 
Detect, and Data Decoding. Inthe Write Mode, the SSI 
32D4010 converts NRZ data into the 1,7 RLL format 
described in Table 1, performs Write Precompensa- 
tion, generates the Preamble Field, and inserts Ad- 
dress Marks as requested. 


The SSI 32D4010 can operate with data rates ranging 
from 12 to 24 Mbit/s. This data rate is established by a 
single 1% external resistor, RR, connected from pin 
IREF to VPA2. This resistor establishes a reference 
current which sets the VCO center frequency, the 
phase detector gain, and the 1/3 cell delay. The value 
of this resistor is given by: 


RR =-22. — 1.7 (kQ) 
DR 


where: DR = Data Rate in Mbit/s. 


A reference clock, operating at 3x the data rate, gener- 
ates the standby reference for the PLL. Either an 
attenuated external TTL compatible reference or an 
AC coupled ECL source may be applied to FREF. 


The SSI 32D4010 employs a Dual Mode Phase Detec- 
tor; Harmonic in the Read Mode and Non Harmonic in 
Write and Idle Modes. Inthe Read Mode the Harmonic 
Phase Detector updates the PLL with each occurrence 
ofaDYLD DATApulse. Inthe Write and Idle modes the 
Non-Harmonic Phase Detector is continuously en- 
abled, thus maintaining both phase and frequency 
lock. By acquiring both phase and frequency lock tothe 
crystal reference oscillator and utilizing a zero phase 
restart technique, false lock to delayed data is elimi- 
nated. 


The phase detector incorporates a charge pump in 
order to drive the loop filter directly. The polarity and 
width of the output current pulses correspond to the 
direction and magnitude of the phase error. 


The READ GATE (RG), and WRITE GATE (WG) 
inputs control the device mode. 


RG is an asynchronous input and may be initiated or 
terminated at any position on the disk. WG is also an 
asynchronous input, but should not be terminated prior 
to the last output Write Data pulse. 


READ OPERATION 


The Data Synchronizer utilizes a fully integrated fast 
acquisition PLL to accurately develop the decode 
window. Read Gate, RG, initiates the PLL locking 
sequence and selects the PLL reference input; a high 
level (Read Mode) selects the RD input and a low level 
selects the crystal reference oscillator. 


Inthe Read Mode the falling edge of DRD enables the 
Phase Detector while the rising edge is phase com- 
pared to the rising edge of the VCO. As depicted in 
Figure 6, DRD is a 1/3 cell wide (TVCO) pulse whose 
leading edge is defined by the leading edge of RD. A 
decode window is developed from the VCO clock. 
Shifting the phase of the VCO clock effectively shifts 
the relative position of the DRD pulse within the decode 
window. Decode window control is provided via the WS. 
controls. 


In Non-Read Modes, the PLL is locked to the external 
reference clock. This forces the VCO to run ata 
frequency which is very close to that required for 
tracking actual data and thus minimizes the associated 
frequency step during acquisition. When the reference 
input to the PLL is switched, the VCO is stopped 
momentarily, then restarted in an accurate phase 
alignment with the next PLL reference input pulse, and 
the VCO clock divider is reset. 


SOFT SECTOR OPERATION 


Disk Operation Lock Sequence in Read Mode Soft 
Sector Operation 


7 “O", 7 "0", 1 "0", 41 "9" 
19"3T" 


ADDRESS | 3x| VCO BIT 


| RG ENABLE 
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ADDRESS MARK DETECT 


In Soft Sector Read Operation the SSI 32D4010 must 
first detect an address mark to be able to initiate the rest 
of the read lock sequence. An address mark for the 
SSI 32D4010 consists of two (2) 7 “O” patterns fol- 
lowed by two 11 “0” patterns. To begin the read lock 
sequence the Address Mark Enable (AMENB) is as- 
serted high by the controller. The SSI 32D4010 Ad- 
dress Mark Detect (AMD) circuitry then initiates a 
search of the read data (RD) foran address mark. First 
the AMD looks for a set of 6 “0’s” within the 7 “0” 
patterns. Having detected a 6 “O” the AMD then looks 
for a9 “0” set within the 11 “O's”. If AMD does not detect 
9 “O's” within 5 RD bits after detecting 6 “0's” it will 
restart the Address Mark Detect sequence and look for 
6 “0’s.”. When the AMD has acquired a 6 “0,” 9 “0” 
sequence the AMD transitions low. AMD will remain 
low for the duration of AMENB. When AMENB is 
released, AMD will be released by the SSI 32D4010. 


PREAMBLE SEARCH 


After the Address Mark (AM) has been detected a 
Read Gate (RG) can be asserted initiating the remain- 
der of the read lock sequence. When RG is asserted 
an internal counter counts transitions of the incoming 
Read Data, (RD looking for3 consecutive 3T’s). Once 
the counter reaches count 3 (finds (3) consecutive 3T 
preamble) the internal read gate enables switching the 
phase detector from the reference oscillator to the 
delayed Read Data input (DRD); at the same time a 
zero phase (internal) restart signal restarts the VCO in 
phase with the DRD. This prepares the VCO to be 
synchronized to data when the bit sync circuitry is 
enabled after VCO lock is established. 


VCO LOCK & BIT SYNC ENABLE 


When the internal counter counts 16 more “ST” ora 
total of 19 positive transitions from RG enable, an 
internal VCO lock signal enables. The VCO lock signal 
activates the decoder bit synchronization circuitry to 
define the proper decode boundaries. Also, at count 
19, the RRC source switches from the external refer- 
ence clock to the VCO clock signal which is phase 
locked to DRD. The VCO is assumed locked at this 
point. Amaximum of 2 RRC time periods may occur for 
the RRC transition, however, no short duration glitches 
will occur. After the bit sync circuitry sets the proper 
decode window (VCO in sync with RRC and RRC in 
sync with data) NRZ is enabled and data is toggled in 
to be decoded for the duration of the read gate. 


with Write Precompensation 


HARD SECTOR OPERATION 
READ MODE 


| 19"3T" | 
3X VCO BIT > 
LOCK SYNC ID/ECC DATA 


| RG ENABLE 


In hard sector operation a low AMENB disables the 
SSI 32D4010’s Address Mark Detection circuitry and 
AMD remains inactive. A hard sector read operation 
does not require an address mark search but starts 
with a preamble search as with soft sector and se- 
quences identically. In all respects, with exception to 
the address mark search sequence, hard sector read 
operation is the same as soft sector read. 


WRITE MODE 


Inthe write mode the SSI 32D4010 converts NRZ data 
from the controller into 1,7 RLL formatted data for 
storage onthe disk. The SSI 32D4010 can operate with 
a soft or hard sector hard drive. 


In soft sector operation the device generates a 
“7,7, 11, 11” Address Mark, and a preamble pattern. 


In the hard sector operation the device generates a 
19 x “3T” preamble pattern but no preceding Address 
Mark. The NRZIN pin must be kept low for the duration 
of the preamble pattern. The NRZ input data is clocked 
on the rising edges of WCLK. 


Write precompensation circuitry is provided to com- 
pensate for media bit shift caused by intersymbol 
interference. The SSI 32D4010 recognizes specific 
write data patterns and can add or subtract delays in 
the time position of write data bits to counteract the 
read back bit shift. The magnitude of the time shift, 
TPC, is determined by an external resistor onthe WCS 


pin. 


The SSI 32D4010 performs write precompensation 
according to the algorithm outlined in Table 3. 
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SOFT SECTOR 


In soft sector operation, when Read Gate (RG) transi- 
tions low, VCO source and RRC source switch from RD 
and VCO/3, respectively, to the external reference 
clock. At the same time the VCO (internal) lock goes 
inactive but the VCO is locked to the external reference 
Clock. After a delay of 1 NRZ time period (min) from RG 
low, the Write Gate (WG) can be enabled while NRZIN 
is maintained (NRZ write data) low. The Address Mark 
Enable (AMENB) is made active (high) a minimum of 1 
NRZ time period later. The Address Mark (consisting 
of 7 “0’s,” 7 “0’s,” 11 “O’s, "11 “O’s”) and the 19 x “ST” 
Preamble is then written by WD. While the preamble 
is being written, the encoder is active. Therefore, 
WCLK must be clocking in an all “O” NRZIN pattern. 
The first non-zero NRZIN input bit indicates the end of 


1,7 RLL DATA 


the preamble pattern. After a delay of 10-12 NRZIN bit 
time periods, non preamble data begins to toggle out 
WD. Finally, at the end of the write cycle, 16 bits of 
blank NRZ time passes to ensure the encoder is 
flushed of data; WA goes low. WD stops toggling a 
maximum of 2 NRZ time periods after WG goes low. 


HARD SECTOR 


In hard sector operation, when read gate (RG) transi- 
tions low, VCO source and RRC switch references and 
VCO lock (internal) goes inactive as with soft sector but 
the AMENB (address mark enable) is kept low. 


The SSI 32D4010 then sequences from RG disable to 
WG enable and NRZIN active as in soft sector opera- 
tion. 


DECODE WINDOW * ee 
PHASE DET | | 
ENABLE 
RRC | | | | 
NRZ BIT CELL }§~——__—_——+4+_________—+ 


NOTE: * Denotes internal signal 


FIGURE 1: Data Synchronization Waveform 
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| | 
2 ee Se CP Ee S.... 
| 


| PRESENT 


CRED ENED: 
Y1 1,7 CODE 
GenYES Li aie, eae 
PREVIOUS | | | | NEXT 
CODE WORD | | CODE WORD 
LAST BITS FIRST BIT 
| | 
' ‘ 


1 WORD BIT 


FIGURE 2: NRZ Data Word Comparision to 1, 7 Code Word Bit (See Table 1, for Decode Scheme) 


WCLK af taf tH F LAF EF LH 


THNRz | 'snrz 


FIGURE 3: WG Timing Requirement for Predictable Write Encoding 


A decodable write pattern will always be generated, regardless of the phasing of WG. However, a repeatable 
write pattern will be generated only if WG satisfies the same WCLK setup and hold requirements as the 
NRZIN data. 
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TABLE 1: Decode Table 


< 
- 
< 
Q 
QO 
< 
Lu 
oe 
Q 
Lu 
Q 
Oo 
O 
= 
Lu 


DECODED DATA 


Present 


Previous 


0 O (Preamble 


TABLE 2: Encode Table 


Bs 
a 
< 
@) 
N 
c 
= 


ENCODED WRITE DATA 


Previous 


NOTE: X = Don't Care 
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TABLE 3: Clock Frequency 


| RRC | DECCLK | ENCCLK | MODE 
| RD | vcos | voor | FREF | READ | 


Until the VCO locks to the new source, the VCO/2 entries will be 
FREF/2. 

2: Untilthe VCO locks to the new source, the VCO/3 entries will be 
FREF/3. 


TABLE 4: Write Precompensation Algorithm 


Bit n is time shifted (delayed) from its nominal 
time position towards the bit n+1 time position. 


EARLY: Bit n is time shifted (advanced) from its nominal 
time position towards the bit n-1 time position. 
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INPUT PINS 


= 
Si 


TYPE DESCRIPTION 


REFERENCE FREQUENCY INPUT: The pin frequency is at 3 times the data 
rate. FREF may be driven by a direct coupled TTL signal or by an AC coupled 
ECL signal. Pin FREF has an internal pull-down resistor. 


READ DATA: Encoded Read Data from the disk drive read channel. Timing 
is referenced to the falling edge of this signal. Pin RD has an internal pullup 
resistor. TTL input levels. 


READ GATE: Selects the PLL reference input (REF)and initiates the PLL 
synchronization sequence. Pin RG has an internal resistor pullup. A high level 
selects the RD input and enables the Read Mode. A low level selects the FREF 
input. See Table 3. 


WRITE GATE: Enables the write mode, see Table 3. Pin WG has an internal 
resistor pullup. Active high TTL input levels. 


WRITE CLOCK: Write Mode Clock. Must be synchronous with the NRZ Write 
Data input. For short cable delays, WCLK may be connected directly to pin 
RRC. TTL input levels. 


ENABLE PHASE DETECTOR: A low level (Coast Mode) disables the phase 
detector. Pin EPD has an internal resistor pullup. TTL input levels. 


ADDRESS MARK ENABLE: Used to enable the address mark detection and 
address mark generation circuitry. Active high TTL input levels. Pin AMENB 
has an internal resistor pull up. 


WRITE/WINDOW CONTROL BITS: In Write Mode, pins WO, W1, W2 control 
the magnitude of the write precompensation. In Read Mode pins WO - W3 
control the magnitude of the decode window shift. Each pin has an internal 


pullup resistor. TTL input levels. 


WRITE PRECOMPENSATION CONTROL LATCH: Used to latch the write 
precompensation control bits WO - W2 into the internal DAC. The latch is 
transparent while WL is high. An active low level latches the input bits. Pin WL 


FREF 


D 
G) 


G) 


WCLK 


= 
= 


has an internal resistor pullup. If unused, leave pin open or tie high. TTL input 
levels. 


NRZIN NRZ WRITE DATA INPUT PIN: This pin can be connected to the NRZ pin to 
form a bidirectional data port. Pin NRZIN has an internal pullup resistor. TTL 


input levels. 
POWER ENABLE: A high level enables the device. A low level shuts off power 
to all the functions. TTL input levels. If unused, this pin must be tied high. 
TEST MODE CONTROL: A low level enables test mode. In the test mode the 
WO - W3 and WSD pins are used to control various test functions. Pin TST has 
an internal pullup resistor. TTL input levels. 

WINDOW SYMMETRY DIRECTION CONTROL: Controls the direction of the 
decode window shift. Pin WSD has an internal pullup resistor. TTL input levels. 
WINDOW SYMMETRY LATCH CONTROL: Used to latch the window symme- 
try control bits WO - W3 and WSD into the internal DAC. The latchis transparent | 
while WSL is high. An active low level latches the input control bits. Pin WSL 
has an internal pullup resistor. TTL input levels. 


— 
op, 
afi 
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OUTPUT PINS 


TYPE DESCRIPTION 


WRITE DATA: Encoded write data output, active low. Timing is referenced to 
the falling edge of this signal. The data is automatically resynchronized 
(independent of the delay between RRC and WCLK) to the FREF reference 
Clock. TLL output levels. 


READ/REFERENCE CLOCK: A multiplexed clock source used by the 
controller, see Table 2. During a mode change, no glitches are generated and 
no more than two lost clock pulses willoccur. When RGgoes high, RRC initially 
remains synchronized to FREF/3. When the sync bits are detected RRD is 
synchronized to the Read Data. When RG goes low, RCLK is synchronized 
back to FREF/3. TTL output levels. 


ADDRESS MARK DETECT: Tristate output pin that is in its high impedance 
state when WG is high or AMENB is low. When AMENB is high, this output 
indicates address mark search status. A latched low level output indicates that 
an address mark has been detected. A low level on pin AMENB resets pin 
AMD. TTL output levels. 


VCO REF VCO REFERENCE: An open emitter ECL output test point. This is the VCO 
reference input to the phase detector. The positive edges are phase locked to 
DLYD DATA. The negative edges of this open emitter output signal indicate 
the edges of the decode window. Two external resistors are required to 


= 
s 


performthis test. They should be removed during normal operation for reduced 
power dissipation. 


VCO CLOCK: An open emitter ECL output test point. Two external resistors 
are required to perform this test. They should be removed during normal 
operation for reduced power dissipation. 


DELAYED READ DATA: Anopen emitter ECL output test point. The positive 
edges of this open emitter output signal indicates the data bit position. The 
positive edges of the DRD and the VCO REF signals can be used to estimate 
window centering. The time jitter of DRD’s positive edge is an indication of 
media bit shift. Two external resistors are required to perform this test. They 
should be removed during normal operation for reduced power dissipation. 


NRZ NRZ READ DATA OUTPUT: Tristate output pin that is in its high impedance 
state when read gate is low. Read Data output when RG is high. TTL ouput 


levels. 


CURRENT REFERENCE INPUT: The VCO center frequency, the phase 
detector gain, and the 1/3 cell delay are a function of the current sourced into 
pin IREF. The current is set by an external resistor, RR, connected between 
pin IREF and VPA2. 


PHASE DETECTOR OUTPUT: Drives the loop filter input. 


VCO CONTROL INPUT: Driven by the loop filter output. 


WRITE PRECOMPENSATION SET: Pin for the reference current to set the 
write precompensation magnitude value. If this pin is left open, write 
precompensation is disabled. 
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ANALOG PINS (continued) 
[NAME | TyPE |DESCRIPTION, 
ae WINDOW SYMMETRY ADJUST PIN: A resistor connected between this pin 
and VPA allows analog adjustment of the decode window shift magnitude. 
Used in conjunction with the digital controls WO , W1, W2 this pin can be used 
to set the magnitude of the window shift. If this pin is left unconnected, the 
window shift function is disabled. 
|DGND,AGND | |_| DigitalandAnalogGround 
rveat,veaz | 1 [Analog +5VSupplies SCSC~‘“*‘S*~*S 
fveo | | «Digital «SV Supply SSCS 
ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may damage the device. 
RECOMMENDED OPERATING CONDITIONS | | 
ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, 4.75V< VCC <5.25V, 12 MHz< 1/TORC <24 MHz, 30 MHz< 1/TVCO <72 MHz, 
0 °C< Ta <70 °C. 
|PARAMETER CSL CONDITIONS ~—s|sOMIN | 
i ia 
Voltage 
eee 
Voltage | 
NH High Level Input 
Current 
IL Low Level Input 
Current 


VIL = 0.4V 


VIH = 2.4V 
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ELECTRICAL CHARACTERISTICS (Continued) 


PARAMETER CONDITIONS 
| ICC Power Supply Current | All outputs & test point 
pins open Ta = 70°C = 
ICC (Power Down) All outputs & test point 
pins open Ta = 70°C PWR = 0 


VOHT _ Test Point 262Q to VPD 
Output High Level 402Q to DGND 
DRD, VCO REF, VCO CLK| VPD = 5.0V 


VOLT Test Point 262Q to VPD 
Output Low Level 402Q to DGND 
DRD, VCO REF, VCO CLK} VPD = 5.0V 


DYNAMIC CHARACTERISTICS AND TIMING 


READ MODE (See Figure 4) 


PARAMETER CONDITIONS | MIN 
TRRC Read Clock Rise Time | 0.8Vto2.0V,C.<15pF | sd 
TFRC Read Clock Fall Time | 2.0Vt00.8V,CL<15pF | 


RRC Duty Cycle 12 - 20 Mbit/s 43 
>20 - 24 Mbit/s 

TNS,TNH NRZ (out) Set Up/ 15.5 
Hold Time >20 - 24 Mbit/s 


NRZ (out) 
Propogation Delay 


TPAMD AMD Propogation Delay 


AMD Set Up and Hold Time 
| (TAS, TAH) 


1/3 Cell Delay 


TD = 3.6 (RR4+1.7) 
2.1KQ<RR<61 KQ 


WRITE MODE (Design Targets) (See Figure 5) 


TWD Write Data Pulse Width | C.< 15 pF 
TC = 3.52 (RC + 0.53) 
RC = kQ 


TRWD Write Data Rise Time 
TFWD Write Data Fall Time 
TSNRZ NRZIN Set up Time 


THNRZ NRZIN Hold Time 
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WRITE MODE (Continued) 


PARAMETER CONDITIONS 


TPWD- Write Data C.< 15 pF; TPC =0 
Position Accuracy 
) 


TPC Precompensation TP = 0.22M (RC + 0.53 
Time Shift | 
Magnitude RC (MIN) = TBD 
Accuracy RC (MAX) = TBD, M = (See Table) 


INPUT REQUIREMENTS 


PARAMETER CONDITIONS 
TRD Read Data 
Pulse Width 
TFRD Read Data Fall Time] 2.0V to 0.8V, CL < 15 pF 
TRWC_ Write Data Clock 0.8V to 2.0V 
Rise Time Ci < 15 pF 
TFWC Write Data Clock 2.0V to 0.8V 
Fall Time Cis 15 pF 


REFERENCE CLOCK CHARACTERISTICS 


Reference Clock 
Pulse Width 


Reference Clock 
P-P Amplitude 


TVCO VCO IN = 2.7V 
TO = 3.6 (RR + 1.7) 
2.1kQ<RR<6.1kQ 


VCC = 5.0V 


VCO Center 
Frequency Period 


KD= 0.22/(RR+530) Read Mode 
= 0.11/(RR+530) Non-Read Mode 
VCC= 5V, PLL REF = RD 3T (‘100’) Pattern 


Decode Window RS = N/C 
Centering Accuracy 


Decode Window RS = N/C 
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CONTROL CHARACTERISTICS (See Figure 6) 


Wo - W3 
SET UP TIME 


KVCO x KD Product 
Accuracy 


Idle mode. VCO locked to external FREF. RRC 
sychronized to FREF. NRZ tri-stated. AMD high. 


VCO Phase Referred to RRC 
Restart Error 
Read mode Address Mark search. VCO locked to 


Mode Control 
| RG S Modes 
[*; { Idle 
1 AM Search 
external FREF. RRC synchronized to FREF. NRZ tri- 
stated. AMD active. 


Read Data | Read mode preamble search and data acquisition. 
VCO switched from FREF to RD after preamble lock. 
RRC synchronized to RD after sync bits found. NRZ 
active. 


Undefined Illegal state. 


Write AM Write mode Address Mark insertion. VCO locked to 
external FREF. WD active. NRZ tri-stated. AMD high. 

Write data Write mode preamble insertion and data write. VCO 
locked to external FREF. WD active. NRZ tri-stated. 
AMD high. 

Undefined Illegal state. 

Undefined Illegal state. 


mah, 
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Write Precomp Control 


WL - Write precomp latch control 
0 = > Write precomp control latches in hold state 
1 = > Write precomp control latches in transparent state 


2, W1, WO - Write precomp magnitude control bits 


Precomp 


x irr 


1X 
2X 
3X 
5X 
6X 
7X 


Window Shift Control 


WSL - Window Shift latch control 

0 = > Window Shift control latches in hold state 

1 = > Window shift control latches in transparent state 
WSD - Window Shift direction control 

0 = > Early window (+TS) 

1 = > Late window (-TS) 


Window Shift magnitude control bits: 


= 
=) 


Magnitude 


ot) 


NO 
{ 
—(|O| — ‘aK _- ak ~~ — — 


Maximum shift 
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NRZ (OUT) 


FIGURE 4: Read Timing 


FIGURE 5: Write Timing 


FIGURE 6: Control Timing 


0591 4-157 


PREAMBLE 
7*0" 7"0" 11"0" 140" “3T* PATTERNS 


1 0000000 1p 00) 1] 007.1). 00 


CASE 1 


1 ENCODED DATA 
TIME MAX DELAY 


AMENB 
TIMING 
_ MIN ! 
TRISTATE »—— BISTABLE ocak ences TRISTATE E44 
PATTERN 


CASE 2 


8SL-P 
> 
c~< 
oO 
~j 
2 
a 
> 
m 
Bw 
pa 
> 
wo 
m 
9 
de 
2 
3 
9 
MI co 
mo 
- 
a 
Se 
2az 
) 
+ 
Ps) 
at 
> 
m 


O3S0N3 11H Z ‘b/uoleziuoiyouds ejyeq 


| CASE 3 
AMD 
TRISTATE *——— BISTABLE DETECT DETECT TRISTATE 
If 5 bits of RD are detected after 6 "0" are found and before 9 "0" then restart and look for 6 “0.” 
AD EXAMPLE 


b> RESTART 


FIGURE 7: Address Mark Search 
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FIGURE 8: Read Mode NRZ and RRC Timing 


\ TOCe2 ; 


VCO LOCK 
(INTERNAL) 
RRC 

NRZ (OUT) 
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0 3 19 


(ASSERT) | ee ee ees 
RG 


‘4 


ee ee een | ene 
ZERO PHASE 


RESTART 


VCO IN 


: * 
VCO LOCK | | 


AXN Ke eee 
Eee Bees ie, 


O9l-v 


1ST NON-ZERO 
TRANSITION 


(ENABLE) | | 


& 
BIT SYNC SEARCH 


(VCO CLK** ) 
* FREF CLOCK 
RRC 


SOURCE 


ak 
ODLYD RO 
* 
PHASE DET SOURCE 
FREF CLOCK 


INT COUNTER 
0 3 19 


* = -Internal Source 
** = -Test Point 


FIGURE 9: Read Mode Locking Sequence (Soft and Hard Sector) 


L6S0 


UudI]}eESUBdCWOD91d OAAA UUM 


OF0N4S 11H Z ‘L/uoneziuosyouAs ejeg 


OLOVdcE ISS 


b6S0 


LOL-P 


WG 
(INTERNAL) 


AMENB 


27 
| a 


TIMING BETWEEN AMENB & START OF WONRZ TIMING 
| MUST MEET TIME REQUIREMENTS OF WRITE DATA. 


AM 


ENC DATA 


AM ENC DATA AM 


FIGURE 10: Multiple Address Mark Write 


ENC DATA 


AM 


ENC DATA 
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PACKAGE PIN DESIGNATIONS 


VCO IN 
VCO CLK 
DRD [J 
VCOR 
VPA2 


CAUTION: Use handling procedures necessary 
36-Pin SOM for a static sensitive component. 
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DESCRIPTION 


The SSI 32D4420 is a low power, high performance 
bipolar device that provides a programmable filter and 
programmable frequency reference to support hard 
disk drive applications that use zoned recording tech- 
niques. The 7-pole equiripple filter section includes a 
programmable cutoff range of 1.5 to 8 MHz and pro- 
grammable pulse slimming of 0 to9 dB. The frequency 
reference can be programmed up to 72 MHz with 1% 
resolution. In addition, a 7-bit current output DAC is 
included to control the data rate of an external data 
separator device. Control of the programmable fea- 
tures is provided through a simple, easy to use serial 
interface. The 32D4420 functions as a companion 
device to the 32P4720 Pulse Detector/Data Separator 
device to form a complete two-chip read channel. The 
combination of these features along with a power- 
down mode, small footprint, and +5V only operation 
make the 32D4420 suitable for a wide variety of hard 
disk drive applications. 


BLOCK DIAGRAM 


; 


CHARGE 
PUMP 


PWRON [ ] 
TBG_EN 
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Advance Information 


November 1991 


FEATURES 


FILTER: 


¢ Cutoff frequency range of 1.5 to 8 MHz (7-bit 
DAC control) 


¢ Programmable pulse slimming equalization of 
0 to 9 dB (7-bit DAC control) 


¢ Matched normal and differentiated low pass 
outputs 


¢ +2% group delay variation from 1.5 to 8 MHz 
¢ <1% total harmonic distortion 

FREQUENCY REFERENCE: 

¢ Programmable frequency output up to 72 MHz 
* 1% frequency resolution 

¢ TTL compatible reference input 

e Internal 7-bit DAC for data separator control 

e Low power (<5 mW), 5V only operation 

¢ Power down mode (<5 mW) 


¢ Available in small footprint 32-pin QFP 
packages 


SSI 32D4420 
Programmable Filter and 
Frequency Reference 


FUNCTIONAL DESCRIPTION 


FILTER SECTION 


The 32D4420 includes a 7-pole, .05° equiripple-type 
linear phase low pass filter along with a single-pole, 
single zero differentiator. Both outputs have well 
matched group delays. In addition, the delay matching 
is unaffected by the amount of equalization programmed 
or the bandwidth that is selected. Programmable pulse 
slimming and cutoff are provided to support filtering 
requirements in a zoned recording application. 


The 3 dB cutoff frequency, F(3 dB), can be varied over 
a range of 1.5 -8 MHz using an internal 7-bit DAC. This 
cutoff frequency is the unboosted F(3 dB) the filter. It is 
important to note that the F(3 dB) will move out when 
boost is increased. With maximum boost programmed 
the cutoff range of the filter will increase from 1.5 - 8 
MHz to 4-21 MHz. Table 1 provides the scaling factors 
for F(3 dB) versus the amount of programmed boost. 


TABLE 1: 3 dB frequency change versus 
boost value 


Boost Value Actual 3 dB Frequency 


F(3 dB) x 1.00 
F(3 dB) x 1.20 
F(3 dB) x 1.47 
F(3 dB) x 1.74 
F(3 dB) x 1.95 


F(3 dB) x 2.28 
F(3 dB) x 2.41 
F(3 dB) x 2.53 
F(3 dB) x 2.65 


( 
( 
( 
( 
F(3 dB) x 2.13 
( 
( 
( 
( 


PULSE SLIMMING 


Double differentiation pulse slimming is accomplished 
by a two-pole, low pass with a two-pole high pass feed- 
forward section that provides complimentary real axis 
zeros. The zero locations are controlled by a variable 
attenuator that is set using an internal 7-bit DAC. A 
range of 0 to 9 dB is available. 


FREQUENCY REFERENCE 


The 32D4420 programmable frequency reference ac- 
cepts a TTL compatible clock source or an AC-coupled 


ECL clock source and generates an ECL compatible 
reference output. The output frequency of the refer- 
ence is controlled by programming internal M and N 
counters to set up internal divide-by ratios. The 7-bit N 
register sets the divide-by factor for the input clock 
source. The value of this register is set based upon the 
frequency of the input clock according to the following 
equation: 


N = (FIN x 256)/72 MHz 


The N register can be varied by +TBD bits for a given 
input clock frequency. The 8-bit M register sets the 
divide-by term for the VCO reference clock. The value 
set in the M register is independent of the input clock 
frequency. When the N and M registers are set, the 
resulting frequency output will be: | 


FOUT = [(M+1)/(N-+1)] x FIN 


POWER DOWN MODES 


The 32D4420 includes a power saving mode to support 
power management. When the PWRON pin is brought 
low, the device goes into a complete power down 
mode. In this mode power consumption is reduced to 
less than 5 mW. During this mode, the serial port 
registers are powered down. As a result, programming 
data must be rewritten to the 32D4420 registers upon 
coming out of the power down mode. 


SERIAL PORT OPERATION 


The 32D4420 provides a simple serial port interface 
that allows programming of the device’s internal regis- 
ters. The write-only serial port is a three-line interface 
that requires an enable signal (SDEN) along with clock 
(SCLK) and data (SDATA) signals to program the 
internal registers of the 32D4420. Data is shifted into 
the registers in 8-bit bytes that are divided into four bits 
of address and four bits of data. To load data into the 
device, the enable pin (SDEN) is asserted for eight 
clock cycles during which datacan be presented onthe 
SDATA input pin. Data on the SDATA pin is clocked 
into the device on the falling edges of the clock signal 
provided on the SCLK pin. The falling edge of SDEN 
latches the data internally and initiates the function 
selected. To save power the serial port circuitry is 
powered down when the SDEN line is low. Because of 
this, there is a minimum set-up and hold time for the 
SDEN signal (refer to specifications.) Table 2 provides 
the address-to-function mapping for the internal regis- 
ters. 
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PIN DESCRIPTION (PRELIMINARY) 
INPUT PINS 


TYPE DESCRIPTION 


Analog ground pin for the filter. 
Analog ground pin for the frequency reference. 


AGND1 
AGND2 


DGND 
Current DAC output. This output is controlled by the 7-bit DACI register and the 


DACI 
resistor connected between VR1 and VR2 
FLTR s PLL loop filter pin. An RC filter is connected to this pin to control the VCO voltage. 


Digital ground. 


FOEN This is a TTL compatible input that disables the output buffer of the FOUT pin. 
This function is used to reduce jitter when the reference output is not required. 
FOUT 


FREF 


ECL compatible frequency reference output. This output should be AC coupled 
into the reference input of the data separator device. 


Reference clock input for the internal PLL. 


Differential inputs for the programmable filter. A differential input signal shouldbe 
AC-coupled into these pins. 


Differentiated output of the programmable filter. These differential outputs should 
be AC-coupled into the receiving device. 


Normal low pass outputs of the programmable filter. These differential outputs 
should be AC-coupled into the receiving device. 


Active high TTL input signal that enables the device. When this pin is brought low 
it puts the device into a complete power down mode. 


Current input for filter control DACs. An external 1% resistor is connected from 
Rx to ground to set internal currents for the filter control DACs. 


Serial port clock input used for clocking in data on the SDATA pin. The clock 
source for this pin should be externally gated with the SDEN signal. 


Serial port input data. 


Serial port enable input. 


Current setting resistor pins. A resistor is connected between these pins to set 
the current reference for DACI. 


VR1/VR2 


VPA1 
VPA2 


+5V analog power input for the filter. 

+5V analog power input for the frequency reference. 
+5V analog power input for the frequency reference. 
+5V digital power input. 


Time Base Generator Enable. Active high enables the time base generator 
portion of the device. A low level disables the TBG portion and reduces power. 


| O op) 

ie: 
= ~A 

as 


Filter Control 0. TTL output used to control an external filter multiplexer. 
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TABLE 2: Serial Port Register Mapping 


ADDRESS BITS DATA BITS 


X = Don't care bit. 


ELECTRICAL SPECIFICATIONS 


Unless otherwise specified recommended operating conditions apply. 


ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may damage the device. 


Storage Temperature aa 
snion peraing Tanga, Tye 
[Sippy Votage, WOO 

ae 


Voltage Applied to Inputs -0.5 to VCC 


RECOMMENDED OPERATING CONDITIONS 


Supply voltage, VCC. | 4.65 < VCC <5.50 
Ambient Temperature 0<Ta</70 


POWER SUPPLY CHARACTERISTICS 


4-168 


1191 


1194 


SSI 32D4420 
Programmable Filter and 
Frequency Reference 


ELECTRICAL SPECIFICATIONS (continued) 


DC CHARACTERISTICS 
V TTL input 
V 


High Level Input Voltage 


Low Level Input Voltage 


IH 
IL 


FILTER CHARACTERISTICS 
fc 


ie 13.33 MHz (IF) 


Filter Cutoff Frequency 


mA 
IF! = 0.11 to .6 mA, TA = 25°C 
TAO _VO_NORMDifiGain | F=067forB-003 ~*(| 09 


FB 


Frequency Boost at fc 


FB(db)=20 log 804 
VBP = MAX 


FBA Frequency Boost Accuracy FB = 15 dB 


TGDO Group Delay Variation fc =8 MHz, VBP =0V 
Without Boost F = 0.2 fcto fc 


fc =1.5 MHz - 8 MHz 
F = 0.2 fcto fc, VBP = 0V 


TGDB Group Delay Variation 
With Boost 


+ 
ak 
ioe) 


+ 
° 
os 


fc=1.5 MHz - 8 MHz 
F = 0.2 fcto fc, VBP = VR 


VIF Filter Input Dynamic Range 


THD = 3% max, F = 0.67 fe 
| 


EOUT Output Noise Voltage BW = 100 MHz, Rs = 50Q 
Differentiated Output IF! = 0.6 mA, VBP = 0.0V_ 


Ww 
© 


BW = 100 MHz, Rs = 50Q 
IFl = 0.6 mA, VBP = 0.0V 


BW = 100 MHz, Rs = 502 
IFi=0.6 mA, VBP = VR 


BW = 100 MHz, Rs = 50Q 
IF! = 0.6 mA, VBP = VR 


EOUT Output Noise Voltage 
Normal Output 
EOUT Output Noise Voltage 
Differentiated Output 
EOUT Output Noise Voltage 
_ Normal Output 


1jO- Filter Output Sink Current 


lO+ Filter Output Source Current 2.0 
RO Filter Output Resistance 
(Single ended) 
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FREQUENCY REFERENCE CHARACTERISTICS 


[panaweTeR ——~—~—~*z:'oNDTIONS [MN | NOM 
[VoH FOUTEGLHighLeve | voo=sv, vonved | 10 | _ 
vot Fourecttowiee | voo=sv.vo.veo | | _ 
fio Fourouacuren | | 

[vo Fouroupsswne | | 


INPUT/OUTPUT CHARACTERISTICS 


PARAMETER CONDITIONS | MIN | 


FO FOUT Frequency 
JFO  FOUT Jitter | TO = 1/FO; FCLK active 
50% Amplitude 


DFO FOUT Duty Cycle 
FOUT = 72 MHz 


M M Divide Number 


N,F _N,F Divide Number pe | 
| | Register Number 
RR External Resistor 
TVCO VCO Center Frequency TO=(6.17 E-10)(RR/M)+2.4 ns | 0.77TO | TVCO] 1.23TO 
Period VCC =5V, RR = 4.75 kQ 
FLTR = 2.7V 
FIN = 20 MHz, M = 100 


VCO Frequency Dynamic] 1V <FLTR< VCC —O.5V, +25 
Range VCC = 5V, Fout = 31.5 MHz 
1.0510 A 
+3/4LSB 


KVCO VCO Control Gain wi = 2n/TVCO 
pes | | 30 | na 


K Phase Detector KD = (4.16 E-3)/RR 


D 
lO =: DACI Current lO = (7.41 E-2)V/RR 
VCC = 5V, TA = 25°C, 
RR = 4.75kQ 


RR = 4.75 kQ 
0°C <Ta< 70°C 
4.75V < Vcc < 5.25V 


0°C Ta<70°C 
4.75V < Vcc < 5.25V 


DAC Current Tolerance 


Differential Linearity 
(Monotonicity) 
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INPUT/OUTPUT CHARACTERISTICS (Continued) 


PARAMETER CONDITIONS 


SCLK Data Clock Period, TC 
TDD Data Set Up/Hold Time 
—TC 


Data Enable Delay Time | Delay from data clock 
rising edge 


Serial Byte Format 


SDEN | | 

SCLK | | | | | | 

om [7 teTeteteteqe ye) 
TC 


FIGURE 1: Serial Port Timing 


Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use 
for final design. 
No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other 


rights of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. 
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f, SSI 32D4660 
scones : Time Base 


December 1991 
DESCRIPTION FEATURES 
The SSI 32D4660 Time Base Generator provides @ e¢ fForconstant density recording applications 
programmable reference generator, channel filter when utilized with SSI 32P4620 


control and data rate control for constant density 

recording applications. It is optimized to operate with °* Reference frequency control 

the SSI 32P4620 pulse detector data separator combo e internal DAC available to program data 
device. The SSI 32D4660 contains a high perform- 
ance programmable PLL for 1% reference frequency 
control. A 7-bit DAC is provided to program the IREF ° Internal DAC available to program data 
current which sets the data separator PLL operating separator sync field detect timing 
center frequency. A7-bit DAC is providedto program, : 

the 1FDET current which sets the timing for the data Ppa eee cee aun 

separator synch field detect. Two additional 7-bit ° 1% frequency resolution 

DAC’s are provided for programmable electronic filter : ; 
(slimmer) control. Two latched TTL outputs are provided NO extemnar achive compenents required 
to control filter multiplexers. A serial microprocessor ° +5V only operation 
interface reduces pin count and provides convenient 
access to the internal program storage registers. The 
32D4660 only requires a +5V supply and willbe avail- ° 24-pin SOL package 
able in 24-pin SO packages. 


separator data rate 


e Low power mode 


BLOCK DIAGRAM 


ue C1 as Rt op 
FCL FLTR FOEN 
oe 4 | 
M + 1 

FOUT = FIN (" 7 i 
DACM (1F DET) 

=| VR1 

i] 

&£ RR 

os 
VR2 

1) DACI (IREF) 


Pe: = ol 
DACF VR3 DACS SDEN SDATA SCLK ae ae 


CAUTION: Use handling procedures necessary 
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PIN DESCRIPTIONS 


INPUT PINS 


[NAME _|_ DESCRIPTION 


Serial Data. Data input for an 8-bit control shift register. The data packet is 
transmitted MSB (D7) first. The first four bits are the register address and the last 
four are its data bits. Registers larger than 4-bits must be loaded with two 8-bit data 
packets. These packets should be loaded sequentially in less than 10 us since the 
loading operation will cause output transients. With proper loop filter design, the 
output transients will recover within 1 ms. The data packet fields are given in 


Table 1. , 


SCLK Serial Data Clock. Negative edge triggered clock input for the serial data. 


Serial Data Enable. A high level input enables data loading. The data is latched | 
when the input is low. 


Frequency Output Enable. A high level input enables the FOUT output. A low level 
disables the output and minimizes the driven data separator jitter. 


OUTPUT PINS 


Frequency Output. An ECL output with internal current source. The low voltage 
swing which minimizes data separator jitter must be AC coupled to the data separator 
XLT1 input. FOUT = [(M +1)/(N +1)]FIN where M = M Register number and N must 
be set to approximately [(FIN) (256) / 72MHz] - 1 


DAC Output. 7-bit DAC current sink output used to program timing current to the data 
separator sync field detect SDS pin. The current magnitude is controlled by the 7 
MSB’s of the M Register and is compensated to minimize the sensitivity to power 
supply and temperature variations. If this output isn’t required, the pin must be 
connected to VCC. 


DAC Output. 7-bit DAC current source output used to program timing current for the 
data separator VCO center frequency. The current magnitude is controlled by the 
| Register and is compensated to minimize the sensitivity to power supply and 
temperature variations. 


DAC Output. 7-bit DAC voltage output used for electronic filter control. The output | 
voltage is set by the voltage at VR3 and the F Register number. 


Filter Control 2. TTL output used to control an external filter multiplexer. C1 =H sets 
FC1 =H. 
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OUTPUT PINS (Continued) 


Clock Output. Optional TTL output that may be used for a system clock. The output 


frequency is the same as the oscillator output frequency. For minimum FOUT jitter, 
parts with FCLK disabled should be used. FCLK remains active when PWR ON is 
low. 


ANALOG PINS 


XTL1, XTL2 Crystal Oscillator Connections. The circuit is designed to be used with an 8 MHz to 
20 MHz crystal. If acrystal is not desired, XTL1 may be driven by a TTL source with 
XTL2 left open. 

VR1, VR2 Current Setting Resistor Connections. An external resistor RR connected between 
VR1 and VR2 sets the DACM and DACI currents. 

VR3 Reference Voltage Input. An external 2.2V supply sets the reference for the DACF 
and DACS currents. 

FLTR 


PLL Loop Filter Connection. Connection for loop filter components R1, C1 and C2. 


DGND, AGND Digital and Analog Ground 
VCA, VCB Analog +5V Supplies 


TABLE 1: Data Packet Fields 


DATA BITS 


£ 


F, C, REGISTER FS 
F REGISTER F3 FA 


15,7 
oO | + 


S,C, REGISTER CO S6 


S REGISTER S1 
M REGISTER M5 


>) 


aN 


M REGISTER 
N REGISTER 
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X = Don't care bit. 
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ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may damage the device. 


PARAMETER RATING 
Storage Temperature 
Junction Operating Temperature, Tj 


Supply Voltage, VCA, VCB, VCD 
Voltage Applied to Logic Inputs 


Maximum Power Dissipation 


RECOMMENDED OPERATING CONDITIONS 


ELECTRICAL CHARACTERISTICS 
Unless Otherwise Specified: 4.65V<VCC<5.25, 0°C<Ta<70°C 


PARAMETER CONDITIONS | | MIN | 


HH High Level Input Current 
HL Low Level Input Current 
1 VOL LowLevel Output Voltage lOL=2mA 

VOH FOUT ECL High Level VCD = 5V, VOH-VCD 

VOL FOUT ECL Low Level VCD = 5V, VOL-VCD 
lO FOUT Output Current 
VO FOUT Output Swing 
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| OM 


INPUT/OUTPUT CHARACTERISTICS 


en eWrepeny 
pro rourrewme, 


DFO  FOUT Duty Cycle 50% fame 
FOUT = 72 MHz 


F F Register Number 


N | N 


S Register Number 


N Divide Number 
| | Register Number 
External Resistor 


TVCO_ VCO Center Frequency 
Period 


ea i 2 


TO=(6.17 E-10)(RR/M)+2.4 ns 
VCC = 5V, RR = 4.75 kQ 
FLTR =2.7V 

M = 100; FIN = 20 MHz 


1V <FLTR < VCC -0.5V, 
VCC = 5V, Fout = 31.5 MHz 


= 2n/TVCO 
KD = (4.16E —3)/RR 


= (1.641 E-2) M/RR 
VCC = 5V, TA = 25°C, 
RR = 4.75kQ 


lO = (7.41 E-2)V/RR 
VCC = 5V, TA = 25°C, 
RR = 4.75kQ 


VOF = 0.98 F*VR3/127, 
VCC = 5V 


VCO Frequency Dynamic 
Range 


KVCO VCO Control Gain 
KD 


eel Be Kod 
ot4ei | | 0.260% | 


1.0310 A 


Phase Detector 
DACM Current 


1.0510 
+3/4LSB 


lol DACI Current 


1.03VOF 
+3/4LSB 
+60 mV 


1.03VOS 
+3/4LSB 


VOF DACEF Voltage 


VOS = 0.98 S*VR3/127 
VCC = 5V 


VOS DACS Voltage 


VR3 DAC Reference 


IVR3.~—-VR3 Input Current 


IM DAC Current Tolerance 


~ 
iN 
< 


VR3 = 2.2V 


RR = 4.75 kQ 
0°C <Ta< 70°C 
4.75V < Vcc < 5.25V 


e 
3 
> 


+ 
—_ 
eR 
%p) 
w 
>| a 
aoe @ 
= = D a o~ 
cane 
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INPUT/OUTPUT CHARACTERISTICS (Continued) 
|,F, Differential Linearity 
M,S (Monotonicity) 4.75V < Vcc < §.25V 

|VODH DACMOutputVotage | | 

Foot orciowsuvone 

<a 

a 

Resistance 

pers tt 

oe ns ee 


TDD Data Set Up/Hold Time 


TDE Data Enable Delay Time Delay from data clock 
rising edge | 


Serial Byte Format 


SDEN | ot | | 
me et fe ee 
ie 


FIGURE 1: Serial Port Timing 
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APPLICATIONS INFORMATION 


The serial port allows the user to program the internal 
registers of the 32D4660 device. This port has been 
designed to operate with the serial port on most 
microcontrollers such as the 8051. Silicon Systems 
also provides a serial port board that can be used to 
operate the serial interface. The serial port consists of 
three lines: enable (SDEN or SERMODE), data 
(SDATA), and clock (SCLK). During a serial data 
transfer, eight bits of data should be transferred to the 
selected device. The first four bits of data contain 
register address information while the last four bits 
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contain the programming data. The timing consider- 
ations for the serial port are fairly straight forward (see 
Figure 2). The enable line is driven high to initiate the 
data transfer. While the enable line is high, the trans- 
mitting device should output eight clock pulses along 
with eight bits of synchronous programming data. The 
data is shifted internally on the falling edge of the clock 
pulses. To prevent false data from being latched in, 
only eight (8) clock pulses should be provided while the 
enable line is active. The falling edge of the enable 
input will latch the data into the internal registers and 
initiate the selected function. 


SDEN | | 


FIGURE 2: Serial Port Timing 


FIGURE 3: Serial Port Timing, Multiple Transfers 
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APPLICATIONS INFORMATION (continued) 


REFERENCE FREQUENCY OUTPUT: 


The 32D4660 provides the reference frequency for the phase-locked loop (PLL) of adata separator. The required 
frequency is programmed using the M and N registers of the 4660. The value of the N register is determined by 
the oscillator that drives the 32D4660 according to the following equation: 


_(Fin+256) 
~ (72 MHz) 


For this application, using a 12 MHz oscillator (Fin) would yield an N value of 41.7. Although the value of N should 
be fixed according to the equation shown above, there is a tolerance of + 1 integer so N can be set from 41 to 43. 
(This is necessary as the phase detector frequency is fixed by Fin & N) Substituting N into the following equation 
and knowing the reference frequency required for each data rate allows for the determination of the M register 
value: 


Since M must be an integer value, it may be necessary to change N values for each data rate to obtain the required 
output frequency. For example (for 3x reference clock), at 12 Mbit/s the required reference frequency is 36 MHz 
and using a value of N = 41, yields an M value of 125. At 13 Mbit/s using the N value of 41 would require an M 
value of 135.5 to produce an output frequency of 39 MHz. Using M = 135 would give an output frequency of 38.86 
MHz while using an M value of 136 the output frequency would be 39.14 MHz. If N is changed to 43 then a value 
of 143 for M would produce the required output frequency of 39 MHz. The required M and N values for some 
sample data rates are provided in the table that follows. 


TABLE 1: Mand N Register Programming Example 


priweiey Tren wT 


The N register is at address “1110” for the MSBs and address “1111” forthe LSBs. The table that follows gives 
the required register programming information for the values of N. 


TABLE 2: Frequency Programming Information, N Register 


[07 [be [ 05 | D4 DO 
N Register MSBs for N = 41 
N Register LSBs for N = 41 Ps 
N Register MSBs for N = 43 


0 
1 
0 
1 


> |= * 
-—a « 1|O a 
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The M register is at address “1100” forthe MSB’s and at address “1101” forthe LSB’s. The table that follows gives 
the required register programming information for the values of M based on the equation given above for Fout. 


TABLE 3: Frequency Programming Information, M Register 


ADDRESS BITS DATA BITS FUNCTION 


M Register = 125, 
Fout = 36 MHz 
M Register = 142, 


Fout = 39 MHz 

M Register = 146, 
Fout = 42 MHz 

| M Register = 164, 
Fout = 45 MHz 


LOOP FILTER FOR THE 32D4660: 


The 32D4660 requires a loop filter to control the PLL locking characteristics. While there are several types of filters 
that can be used to perform this function, a simple integrating filter has proven to be very effective (see Figure 4). 
To select the components for the loop filter, two considerations should be made. First, the acquisition time of the 
loop must be less than the minimum track-to-track seek time and second, the capacitor C1 should be low leakage 
(C1 <1.0 pF). The acquisition time of the loop is set-up to accommodate a zero phase restart and allow for 1% 
maximum phase error after phase acquisition. This yields a settling time of: t, = 5/m, . 


From the data sheet, 


KVCO = (0.21)(2n)(F..) rad/s V (typ.), at 72MHz KVCO = 95x 10’ 


out 
KD = (4.14 E-3)//RR A/rad @ RR = 4.75KQ, KD = 8.76 x 10’ 
For a second order system, 
R1 = (2x €x @,)(KVCO x KD) where € is the damping factor. 
C1 = (KVCO x KD)/(w,? ) and C1/10 > C2 > C1/20 
A damping factor of 0.7 to 1.0 is suggested to prevent locking to harmonics while maintaining an acceptable lock 


time. At the maximum frequency selected, the damping factor of 1.0 should be considered thereby allowing the 
damping factor to drop as the frequency drops. 


If we start with @, = 2x 10%, C1 can be calculated as 0.21 uF and C2 can be calculated as 0.01 to 0.02 uF. As 
mentioned above, the damping factor at the maximum frequency of 72 MHz should be 1.0, so R11 is calculated as: 


R1 = (2x 1.0 x 2E4 )/(9.5E7 x 8.76E-7) = 480 ohms 


These values will produce a loop settling time t, of 5/2 x 10* = 250 usecs. 


The values calculated here are sample values that have been used in the lab and should be considered starting 
values. The values of R1, C1, and C2 can be further optimized to meet specific needs. 
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NOTE: Forfurtherinformation on the loop filter consult 
the Data Synchronizer Family Application 
Notes in chapter 4 of the Silicon Systems 
C1 Storage Products data book. 
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2 Single Rate 


FIGURE 4: Integrating 
Filter for the Phase Locked Loop. 


PIN DIAGRAM 


AGND 1 VR2 
(Top View) pacm {| 2 vat 
VCA 3 DACI 
FOUT 4 DACF 
FOEN 5 DACS 
VCB 6 VR3 
FLTR 7 FC1 
vcD 8 FCO 
FCLK 9 SDATA 
DGND SCLK 
XL1 SDEN 
XL2 N/C 
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DESCRIPTION FEATURES 


The SSI 32D4661/4662 Time Base Generator pro- © Not plug compatible with SSI 32D4660 
vides a programmable reference generator, channel 

filter control and data rate control for constant density ° For constant density recording applications 
recording applications. It is optimized to operate with ¢ Reference frequency control 

the 32D53xx series data separators and contains a . il 
high performance programmable PLL for 1% reference Channel filter control 

frequency control. A 7—bit DAC, DAC! is providedto ¢ Internal DAC available to program data 
program the IREF current which sets the data separator separator data rate 

PLL operating center frequency. A 7—bit DAC, DACM : 
is provided to programthe 1FDET current which sets the = anermal Ac aveleue lo‘pregiem: cata 
timing for the data separator synch field detect. Two Separator sync field detect timing 
additional 7-bit DACs are provided for programmable ° Up to 72 MHz operation for the 32D4661 
electronic filter (slimmer) control. DACS controls the , 

boost while DACF controls the cutoff frequency of the Pp ade tte Ope avon tor Mie eugHer 
electronic filter. A latched TTL output is provided to ° 1% frequency resolution 

control filter multiplexer. A serial microprocessor ¢ No external active components required 
interface reduces pin count and provides convenient ; 

access to the internal program storage registers. The ° +9V Only operation 

32D4661/4662 only requires a +5V supply and is avail- ¢ Low power mode 


able in 24-pin SO packages. ¢ 24-pin SOL/SSOP package 


BLOCK DIAGRAM Lgl, te 


FOLK FLTR FOEN 


Filter 
Control 
(1 bit) 


S 
DACS SDEN SDATA SCLK Be We od 


Rx 


CAUTION: Use handling procedures necessary 
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PIN DESCRIPTION 


INPUT PINS 


NAME | DESCRIPTION 

SDATA Serial Data. Data input for an 8-bit control shift register. The data packet is 
transmitted MSB (D7) first. The first four bits are the register address and the last 
four are its data bits. Registers larger than 4-bits must be loaded with two 8-bit data 


packets. These packets should be loaded sequentially in less than 10 ps since the 
loading operation will cause output transients. With proper loop filter design, the 
output transients will recover within 1 ms. The data packet fields are given in 
Table 1. 


SCLK | Serial Data Clock. Negative edge triggered clock input for the serial data. 


SDEN Serial Data Enable. A high level input enables data loading. The data is latched 
when the input is low. 

FOEN Frequency Output Enable. A high level input enables the FOUT output. A low level | 
disables the output and minimizes the driven data separator jitter. 


OUTPUT PINS 


FOUT Frequency Output. An ECL output with internal current source. The low voltage swing 
which minimizes data separator jitter must be AC coupled to the data separator XTL1 
input. FOUT = [(M +1)/(N +1)]FIN where M = M Register number and N must be set 
to approximately 32D4661 : [(FIN) (256) / 72 MHz] - 1; 32D4662: [(FIN) (256) / 108 MHz] - 1 


DACM DAC Output. 7-bit DAC current sink output used to program timing current tothe data 
separator sync field detect SDS pin. The current magnitude is controlled by the 7 

MSB’s of the M Register and is compensated to minimize the sensitivity to power 

| supply and temperature variations. If this output isn’t required, the pin must be 


connected to VCC. 


DACI DAC Output. 7-bit DAC current source output used to program timing current forthe 
data separator VCO center frequency. The current magnitude is controlled by the 
| Register and is compensated to minimize the sensitivity to power supply and 
temperature variations. 


DACF DAC Output. 7-bit DAC current output used for electronic filter control. The output 
current is set by the voltage at VR3, and the F Register number and an external 
resistor Rx. 

DACS DAC Output. 7-bit DAC voltage output used for electronic filter control. The output 
voltage is set by the voltage at VR3 and the S Register number. 

FCO Filter Control 0. TTL output used to control an external filter multiplexer. CO =H sets 
FCO =H. | 


4-184 1291 


1291 


SSI 32D4661/4662 
Time Base Generator 


OUTPUT PINS (Continued) 


Clock Output. Optional TTL output that may be used for a system clock. The output 
frequency is the same as the oscillator output frequency. For minimum FOUT jitter, this 
pin should be a no connect. FCLK remains active when PWR ON is low. 


ANALOG PINS 


XTL1, XTL2 Crystal Oscillator Connections. The circuit is designed to be used with an 8 MHz to 20 MHz 
crystal. If acrystalis not desired, XTL1 may be driven by a TTL source with XTL2 left open. 


Current Setting Resistor Connections. An external resistor RR connected between VR1 
and VR2 sets the DACM and DACI currents. 


Reference Voltage Input. An external 2.2V supply sets the reference forthe DACS voltage. 


Reference Current Input. An external resistor Rx, connected from IR to VR3 reference 
voltage sets the reference current for the DACF current. 


FLTR PLL Loop Filter Connection. Connection for loop filter components R1, C1 and C2. 


DGND, AGND Digital and Analog Ground 
VCA, VCB Analog +5V Supplies 
Digital +5V Supply 


TABLE 1: Data Packet Fields 


ADDRESS BITS v7 ee DATA BITS 
|IREGISTER ss |X 
13 l2 


| REGISTER 


| REGISTER 


S REGISTER 
S REGISTER 


M REGISTER 


._ee ae ee 

x | 6 | 6 

or aas 

ss | s 

= fa | 

| CO F6 | FS | OF 
F REGISTER Fo | Fi | F 
aa 

Mt 

oe] ns [ON 
ee 


X = Don't care bit. 
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ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may damage the device. — 


[Storage Temperature =| eStats 


RECOMMENDED OPERATING CONDITIONS 


; 


Junction Temperature, Tj 0<Tj<135 
Ambient Temperature, Ta 0<Ta<70 


ELECTRICAL CHARACTERISTICS 
Unless Otherwise Specified: Recommended operating conditions apply 


PARAMETER | 


VIH High Level Input Voltage 


| 1.02 
VOL FOUT ECL Low Level | 
ICC Power Supply Current 
lO FOUT Output Current 

08 | 


VO 
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1 F F Register Number 0 
S S Register Number = 0 
M M Divide Number : 80 
N N Divide Number _ 25 
| [Register Number | 30 
RR External Resistor 4.50 


INPUT/OUTPUT CHARACTERISTICS 


PARAMETER CONDITIONS | MIN 
FIN FIN Frequency | 


FO FOUT Frequency 


32D4661 
32D4662 


JFO FOUT Jitter TO = 1/FO; FCLK active 


DFO FOUT Duty Cycle 50% Amplitude 42 
32D4661: FOUT = 72 MHz 
32D4662: FOUT = 108 MHz 


TVCO VCO Center Frequency 32D4661: TO=(6.17)(RR/M)+2.4 ns | 0.77TO | TVCO 
Period 32D4662: TO=(4.08)(RR/M)+2.4 ns 
VCC = 5V, RR = 4.75 kQ 
FLTR = 2.7V 
M = 100 
VCO Frequency Dynamic] 1V <FLTR< VCC -—0.5V, £25 
Range VCC =5V, M = 100 


Lome 
Lee 
ps 
ae 
oe ee 
| ka 


eee 
boner | 
__ §.25 kQ 


+45 % 


KVCO VCO Control Gain wi = 2n/TVCO 0.14ai 0.26wi 

KD Phase Detector | KD =(4.16E -3)/RR 

IOM = DACM Current lO = (1.641E-2) M/RR 0.9710 1.0310 
VCC = 5V, TA= 25°C, +1LSB 

- RR = 4.75kQ 

lOl DACI Current lO = (7.41E-2)I/RR 1.0510 
VCC = 5V, TA = 25°C, +3/4LSB 
RR = 4.75kQ 

lOF DACF Current lIOF = 0.98 F*4/128 - IR 0.97IOF 1.03IOF 
VCC = 5V, Rx = 2.74 kQ —3/4LSB +3/4LSB 


Where IR = VR3/(4*Rx) or an 
external current source 


VOS_  DACS Voltage VOS = 0.98 S*VR3/127 
VCC = 5V 


VR3 DAC Reference 
IVR3. Ss VR3 Input Current VR3 = 2.2V 


A 
O 


_ 
© 
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INPUT/OUTPUT CHARACTERISTICS (Continued) 


PARAMETER CONDITIONS 


1M DAC Current Tolerance 


ae) 
12) 


= 
re) 


RR = 4.75 kQ 
0°C < Ta < 70°C 
4.75V < Vcc < 5.25V 


0°C<Ta<70°C -1LSB 
4.75V < Vcc < 5.25V 


I, F, 
M,S 


VODH DACM Output Voltage 
VODL DACI Output Voltage 
VOFL DACF, DACS Output Voltage 


ROUT DACF, DACS Output 
Resistance 


Differential Linearity 
(Monotonicity) 


SCLK Data Clock Period, TC 
TDD Data Set Up/Hold Time 


TDE DatatEnable Delay Time | Delay from data clock 
rising edge 


Serial Byte Format 


SDEN | | 
PN deo ee he 
TC 


ae ak Gee >) ine) 


FIGURE 1: Serial Port Timing 
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APPLICATIONS INFORMATION 


The serial port allows the user to program the internal 
registers of the 32D4661/4662 device. This port has 
been designed to operate with the serial port on most 
microcontrollers such as the 8051. Silicon Systems 
also provides a Serial port board that can be used to 
operate the serial interface. The serial port consists of 
three lines: enable (SDEN or SERMODE), data 
(SDATA), and clock (SCLK). During a serial data 
transfer, eight bits of data should be transferred to the 
selected device. The first four bits of data contain 
register address information while the last four bits 
contain the programming data. The timing consider- 


SSI 32D4661/4662 
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ations for the serial port are fairly straight forward (see 
Figure 2). The enable line is driven high to initiate the 
data transfer. While the enable line is high, the trans- 
mitting device should output eight clock pulses along 
with eight bits of synchronous programming data, four 
address bits followed by four data bits. The data is 
shifted internally on the falling edge of the clock pulses. 
To prevent false data from being latched in, only eight 
(8) clock pulses should be provided while the enable 
line is active. The falling edge of the enable input will 
latch the data into the internal registers and initiate the 
selected function. 


Note: it takes two transfers to load a single register. 


SDEN | | 


FIGURE 2: Serial Port Timing 


[a3] a2 [1 | a0 |03 | D2 D1 | Do: 


[a3 a2] 1 |a0 03] 02|01 | Do 


FIGURE 3: Serial Port Timing, Multiple Transfers 
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APPLICATIONS INFORMATION (continued) 


REFERENCE FREQUENCY OUTPUT: 


The 32D4661/4662 provides the reference frequency for the phase-locked loop (PLL) of a data separator. The 
required frequency is programmed using the M and N registers of the 4661/4662. 


32D4661: 

The value of the N register is determined by the oscillator that drives the 32D4661 according to the following 
equation: | > 

" (Fine 256) 


N=. 
(72 MHz) 


For this application, using a 12 MHz oscillator (Fin) would yield an N integer value of 42. Although the value of 
N should be fixed according to the equation shown above, there is a tolerance of + 1 integer so N can be set from 
41 to 43. (This is necessary as the phase detector frequency is fixed by Fin & N) Substituting N into the following 
equation and knowing the reference frequency required for each data rate allows for the determination of the M 
register value: 

(M+1) 


(N+1) 


Since M must be an integer value, it may be necessary to change N values for each data rate to obtain the required 
output frequency. For example (for 3x reference clock), at 12 Mbit/s the required reference frequency is 36 MHz 
and using a value of N = 41, yields an M value of 125. At 13 Mbit/s using the N value of 41 would require an M 
value of 135.5 to produce an output frequency of 39 MHz. Using M = 135 would give an output frequency of 38.86 
MHz while using an M value of 136 the output frequency would be 39.14 MHz. If Nis changed to 43 then a value 
of 143 for M would produce the required output frequency of 39 MHz. The required M and N values for some 
sample data rates are provided in the table that follows. 


Fout= °Fin 


TABLE 1: M and N Register Programming Example 
DR (Mbit/s) 


The N register is at address “1110” for the MSBs and address “1111” for the LSBs. The table that follows gives 
the required register programming information for the values of N. 


TABLE 2: Frequency Programming Information, N Register 


| 07 | De | | D4 | bs | b2 | 01 | DO 
1 0 N Register MSBs for N = 41 
0 1 N Register LSBs for N = 41 
1 0 N Register MSBs for N = 43 
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APPLICATIONS INFORMATION (continued) 


The M register is at address “1100” for the MSB’s and at address “1101” forthe LSB’s. The table that follows gives 
the required register programming information for the values of M based on the equation given above for Fout. 


TABLE 3: Frequency Programming Information, M Register 


ADDRESS BITS DATA BITS FUNCTION 


M Register = 125, 
Fout = 36 MHz 
M Register = 142, 


Fout = 39 MHz 
M Register = 146, 
Fout = 42 MHz 
M Register = 164, 
Fout = 45 MHz 


32D4662: 
The value of the N register is determined by the oscillator that drives the 32D4662 according to the following 
equation: 
_ (Fin*256) 
(108 MHz) 


— 


For this application, using a 20 MHz oscillator (Fin) would yield an N value of 46.4. Although the value of N should 
be fixed according to the equation shown above, there is a tolerance of + 1 integer so Ncan be set from 45 to 47. 
(This is necessary as the phase detector frequency is fixed by Fin & N) Substituting N into the following equation 
and knowing the reference frequency required for each data rate allows for the determination of the M register 
value: 


Fout= (Mt) *Fin 
(N+1) 


Since M must be an integer value, it may be necessary to change N values for each data rate to obtain the required 
output frequency. For example (for 3x reference clock), at 26 Mbit/s the required reference frequency is 78 MHz 
and using a value of N = 47, yields an M value of 186. At 28 Mbit/s using the N value of 49 would require an M 
value of 209 to produce an output frequency of 84MHz. M and N values for some sample data rates are provided 
in the table that follows. Note: the values for Fout are approximate. 


TABLE 4: M and N Register Programming Example 
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APPLICATIONS INFORMATION (continued) 


REFERENCE FREQUENCY OUTPUT (32D4662) (continued): 


The N register is at address “1110” for the MSBs and address “1111” forthe LSBs. The table that follows gives 
the required register programming information for the values of N. 


TABLE 5: Frequency Programming Information, N Register 


ADDRESS BITS DATA BITS FUNCTION 


N Register MSBs for N = 47 
N Register LSBs for N = 47 


The M register is at address “1100” for the MSBs and at address “1101” for the LSBs. The table that follows gives 
the required register programming information for the values of M based on the equation given above for Fout. 


TABLE 6: Frequency Programming Information, M Register 


ADDRESS BITS DATA aoe FUNCTION 


1 M Register = 186, 
0 Fout = 78 MHz 


M Register = 192, 
Fout = 84 MHz 


M Register = 206, 
Fout = 90 MHz 


1 M Register = 220, 
0 Fout = 96 MHz 


The 32D4661/4662 requires a loop filter to control the PLL locking characteristics. While there are several types 
of filters that can be used to perform this function, a simple integrating filter has proven to be very effective (see 
Figure 4). To select the components for the loop filter, two considerations should be made. First, the acquisition 
time of the loop must be less than the minimum track-to-track seek time and second, the capacitor C1 should be 
low leakage (C1 < 1.0 uF). The acquisition time of the loop is set-up to accommodate a zero phase restart and 
allow for 1% maximum phase error after phase acquisition. This yields a settling time of: t, = 5/a, . 


32D4661: 


O 


LOOP FILTER FOR THE 32D4661/32D4662: 


KVCO = (0.21)(2n)(F_,,) rad/s V (typ.), at 72MHz KVCO = 9.5 x 10’ 
KD = (4.14 E-3)/RR Arad @RR = 4.75KQ, KD =8.76 x10” 


For a second order system, 
R1 = (2x €x @,)(KVCO x KD) where € is the damping factor. 


C1 = (KVCO x KD)/(w,?) and C1/10 > C2>C1/20 , i384 
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A damping factor of 0.7 to 1.0 is suggested to prevent locking to harmonics while maintaining an acceptable lock 
time. At the maximum frequency selected, the damping factor of 1.0 should be considered thereby allowing the 
damping factor to drop as the frequency drops. 


If we start with m, = 2x 10%, C1 can be calculated as 0.21 uF and C2 can be calculated as 0.01 to 0.02 uF. As 
mentioned above, the damping factor at the maximum frequency of 72 MHz should be 1.0, so R11 is calculated as: 


R1 = (2x 1.0 x 2E4 )/(9.5E7 x 8.76E-7) = 480 ohms 
These values will produce a loop settling time t, of 5/2 x 10* = 250 ysecs. 
The values calculated here are sample values that have been used in the lab and should be considered starting 


values. The values of R1, C1, and C2 can be further optimized to meet specific needs. 


32D4662: 


KVCO = (0.21)(2n)(F_.) rad/s V (typ.), at 100MHz KVCO= 13.2 x 10’ 


KD = (4.14 E-3)/RR ee @ RR = 4.75KQ, KD = 8.76 x 10” 
For a second order system, 
Rt = (2x Cx w,)(KVCO x KD) where € is the damping factor. 
C1 = (KVCO x KD)/(w,? ) and C1/10 > C2 > C1/20 
A damping factor of 0.7 to 1.0 is suggested to prevent locking to harmonics while maintaining an acceptable lock 


time. At the maximum frequency selected, the damping factor of 1.0 should be considered thereby allowing the 
damping factor to drop as the frequency drops. 


If we start with @, = 2x 10*, C1 can be calculated as 0.21 uF and C2 can be calculated as 0.01 to 0.02 uF. As 
mentioned above, the damping factor at the maximum frequency of 100 MHz should be 1.0, so R11 is calculated as: 


R1 = (2x 1.0 x 2E4 )/(13.2E7 x 8.76E-7) = 354 ohms 
These values will produce a loop settling time t, of 5/2 x 10* = 250 ysecs. 


The values calculated here are sample values that have been used in the lab and should be considered starting 
values. The values of R1, C1, and C2 can be further optimized to meet specific needs. 


NOTE: For further information on the loop filter, 
consult the Data Synchronizer Family Applica- 
tion Notes in Section 4 of the Silicon Systems 
Storage Products data book. 


2 Single Rate 


FIGURE 4: Integrating 
Filter for the Phase Locked Loop 
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FIGURE 5: Typical 32D4661/4662 Application 
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PIN DIAGRAM prey ee Gag 
(Top view) DACM 2 VR1 
VCA 3 DACI 
FOUT [| 4 DACF 
FOEN 5 DACS 
VCB 6 VR3 
FLTR 7 FC1 
VCD 8 FCO 
FCLK 9 SDATA 
DGND SCLK 
XL1 SDEN 
XL2 N/C 


24 Pin SOL/SSOP 
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DESCRIPTION FEATURES 


The SSI 32D4665 Time Base Generator provides €@ + For constant density recording applications 
programmable reference generator, channel filter con- 


trol and data rate control for constant density recording ° Reference frequency control 
applications. It is optimized to operate withthe 32D53xx =e Channel filter control 
series data separators and contains a high perfor- 


mance programmable PLL for 1% referencefrequency ° /nternal DAC available to program data 


control. A 7—-bit DAC is provided to program the IREF Separator data rate 
current which sets the data separator PLL operating © Internal DAC available to program pulse 
center frequency. A 7—bit DAC is provided to program detector hysteresis (DACP) 


the hysteresis level in the SSI 32P3000 series pulse 
detectors. Two additional 7—bit DACs are provided for 
programmable electronic filter (slimmer) control A  ° 1% frequency resolution 
single latched TTL output is provided to control filter  , 
multiplexers. A serial microprocessor interface reduces 

pin count and provides convenient access tothe inter: ° +5V only operation 
nal program storage registers. The 32D4665 only + Low power mode 
requires a+5V supply and willbe available in 24-pin SO 
packages. 


¢ Up to 75 MHz operation 


No external active components required 


e 24-pin SOL package 


BLOCK DIAGRAM a 
a Cl C2 


FLTR FOEN 


i Mat 
[| FOUT = Fin(M + 


ees 7 
IR DACF VRP DACP VR3 DACS SDEN SDATA SCLK ae 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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PIN DESCRIPTION 


INPUT PINS 


[NAME __|_ DESCRIPTION 


Serial Data. Data input for an 8-bit control shift register. The data packet is 
transmitted MSB (D7) first. The first four bits are the register address and the last four 
are its data bits. Registers larger than 4-bits must be loaded with two 8-bit data 
packets. These packets should be loaded sequentially in less than 10 us since the 
loading operation will cause output transients. With proper loop filter design, the 
output transients will recover within 1 ms. The data packet fields are givenin Table 1. 


SCLK Serial Data Clock. Negative edge triggered clock input for the serial data. 


SDEN | Serial Data Enable. A high levelinput enables data loading. The data is latched when 
the input is low. 

PWRON Power On. Ahigh level input enables the chip. A low level puts the chip in a low power 
idle state. 


Frequency Output Enable. A high level input enables the FOUT output. A low level 
disables the output and minimizes the driven data separator jitter. 


OUTPUT PINS 


FCO 


Frequency Output. An ECL output with internal current source. The low voltage swing 
which minimizes data separator jitter must be AC coupled to the data separator XTL1 
input. FOUT = [(M +1)/(N +1)]JFIN where M = M Register number and N must be set 
to approximately [(FIN) (256) / 72 MHz] - 1. 


DAC Output. 7-bit DAC current source output used to program timing current for the 
data separator VCO center frequency. The current magnitude is controlled by the | 
Register and is compensated to minimize the sensitivity to power supply and 
temperature variations. 


DAC Output. 7-bit DAC voltage output used to program hysterysis levels to the pulse 
detector. The output voltage is set by tyhe difference between the VRP input voltage 
and the value of (Vcc - VR3). The voltage at the output is: 

(Vcc - VR3) + (2.0 * P/127) » (VRP - (Vcc - VR3). 


DAC Output. 7-bit DAC current source output used for electronic filter control. The | 
output current is set by the F Register number and the current entering the IR pin. 
This can be generated by an external resistor (Rx) between VR3 and IR or an 
external current source. 


DAC Output. 7-bit DAC voltage output used for electronic filter control. The output 
voltage is set by the voltage at VR3 and the S Register number. 


Filter Control 1. TTL output used to control an external filter multiplexer. CO = H sets 
FCO =H. 
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ANALOG PINS 


XTL1, XTL2 Crystal Oscillator Connections. The circuit is designed to be used with an 8 MHz to 20 MHz 


crystal. lf a crystal is not desired, XTL1 may be driven by a TTL Source with XTL2 left open. 


VR1, VR2 Current Setting Resistor Connections. An external resistor RR connected between VR1 
and VR2 sets the voltage controlled oscillator center frequency and the DACI currents. 


R3 Reference Voltage Input. An external 2.2V supply sets the reference forthe DACS voltage. 


FLTR PLL Loop Filter Connection. Connection for loop filter components R1, C1 and C2. 
DGND, AGND Digital and Analog Ground 

VCA, VCB Analog +5V Supplies 

VCD Digital +5V Supply 


Reference Current Input. An external resistor Rx, connected from IR to VR3 reference 
voltage or an external current source sets the reference current for the DACF current. 


VRP Reference Voltage Input. The output level for DACP is set by the difference between 
(Vcc - VR3) and VRP. 


wt <E: 


P REGISTER 
1 P REGISTER 
| REGISTER 
| REGISTER 
S REGISTER 
S REGISTER 
F, C REGISTER 
F REGISTER 


M REGISTER 
1 M REGISTER 


N REGISTER 
N REGISTER 


TABLE 1: Data Packet Fields 


ADDRESS BITS 


= 


eile EE 
| 


ps {| pz | or | po 
P6 P5 P4 
race ese 
Serre 
: 
; 
7 
ve fa 
NB 
N1 N2 N1 No 


X = Don't care bit. 
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ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may damage the device. 


PARAMETER 


Storage Temperature 


Junction Operating Temperature, Tj 
Supply Voltage, VCA, VCB, VCD 


Voltage Applied to Logic Inputs —0.5 to 5.5 
Maximum Power Dissipation 540 


Ambient Temperature, Ta 


ELECTRICAL CHARACTERISTICS 
Unless otherwise specified: recommended operating conditions apply. 


PARAMETER CONDITIONS 


VIH High Level Input Voltage — 

VIL Low Level Input Voltage a! 

IIH High Level Input Current VIH = 2.7V 

HL Low Level Input Current VIL = 0.4V 
VOH _ High Level Output Voltage IOH = -400 LA 
VOL Low Level Output Voltage lOL=2mA 
VOH FOUT ECL High Level 

VOL FOUT ECL Low Level 


ICC Power Supply Current 


IO ~~ FOUT Output Current 
VO FOUT Output Swing 
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INPUT/OUTPUT CHARACTERISTICS 


PARAMETER CONDITIONS | MIN | 


z|$ 
| 
~— 


= 
=r, 
N 


ca00 Ds(pk) 
% 


DFO  FOUT Duty Cycle 50% Amplitude 


FOUT = 72 MHz 


5.25 
1.23TO 


TVCO_ VCO Center Frequency 
Period 


TO=(6.17 E-10)(RR/M)+2.4 ns 
VCC = 5V, RR = 4.75 kQ 
FLTR =2.7V 

FIN = 20 MHZ, M = 100 


1V < FLTR< VCC -0.5V, 
VCC = 5V, FOUT = 31.5 MHz 


= 2n/TVCO 
KD = (4.16 E-3)/RR 


aa t 
< < > < a i> 
We 


0.77TO | TVCO 


Cet 


VCO Frequency Dynamic 
Range 


KVCO VCO Control Gain 
KD Phase Detector 


{@)| DACI Current lO = (7.41 E-2)I/RR 0.9510 1 —_ A 
VCC = 5V, TA= 25°C, —3/4LSB +3/4LSB 
RR = 4.75 kQ 
1OF DACF Current IOF = Fe 4/128 «IR 0.97IOF 1.03IOF 
VCC = 5V, Rx = 2.74 kQ —3/4LSB +3/4LSB 
Where IR = VR3/(4 « R) or an 
external current source 


VOP DACP Voltage VOP = 2.0+*P + (VRP- 
(Voc-VR3))/128 
VCC =5V, VR3 = 2.2V, 


VRP = 3.6V 


VOS =S ° VR3/128 
VCC =5V 


VOS DACS Voltage 


VR3 DAC Reference 
IVR3_-—sO VR Input Current 


1.04VOP 

+(Vcc-VR3) 
+3/4LSB 
+25mvV 
1.038VOS 
+3/4LSB 
+60 mV 


nh 
res) 
PO 
i 


VR3 = 2.2V m 


ot, 
oO 
> 
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INPUT/OUTPUT CHARACTERISTICS (Continued) 


PARAMETER CONDITIONS 


oo Some | 


IVRP- VRP Input Current 2.0V < VRP < Vcc 


I DAC Current Tolerance RR = 4.75 kQ 
0°C < Ta< 70°C 
4.75V < Vcc < 5.25V 


Differential Linearity ~ 10°C < Ta < 70°C 
(Monotonicity) 4.75V < Vcc < 5.25V 


DACI, DACF Output 
Voltage 


DACS Output Voltage 
DACP Output Voltage 


DACF, DACS Output 
Resistance 


Data Clock Period, TC 
Data Set Up/Hold Time 


Data Enable Delay Time Delay from data clock 
rising edge 


ROUTP DACP Output Resistance 


Serial Byte Format 


SDEN fo OO 


FIGURE 1: Serial Port Timing 
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APPLICATIONS INFORMATION 


REFERENCE FREQUENCY OUTPUT: 


The 32D4665 provides the reference frequency for the phase-locked loop (PLL) of adata separator. The required 
frequency is programmed using the M and N registers of the 4661. The value of the N register is determined by 


the oscillator that drives the 32D4665 according to the following equation: 
_ (Fine256) 
~ (72 MHz) 


Forthis application, using a 12 MHz oscillator (Fin) would yield an N value of 41.7. Although the value of N should 
be fixed according to the equation shown above, there is a tolerance of + 1 integer so N can be set from 41 to 43. 
(This is necessary as the phase detector frequency is fixed by Fin & N) Substituting N into the following equation 
and knowing the reference frequency required for each data rate allows for the determination of the M register 


value: 


(M+1) 
(N+1) 
Since M must be an integer value, it may be necessary to change N values for each data rate to obtain the required 
output frequency. For example (for 1.5x reference clock), at 24 Mbit/s the required reference frequency is 36 MHz 
and using a value of N = 41, yields an M value of 125. At 30 Mbit/s using the N value of 41 would require an M 
value of 156.5 to produce an output frequency of 45 MHz. Using M = 156 would give an output frequency of 44.86 
MHz while using an M value of 157 the output frequency would be 45.14 MHz. If Nis changed to 43 then a value 
of 146 for M would produce the required output frequency of 45 MHz. The required M and N values for some 
sample data rates are provided in the table that follows. 


Fout= °Fin 


TABLE 2: M and N Register Programming Example 
DR (Mbit/s) 
24 Mbit/s 
30 Mbit/s 


36 Mbit/s 
40 Mbit/s 


The N register is at address “1110” for the MSBs and address “1111” forthe LSBs. The table that follows gives 
the required register programming information for the values of N. 


TABLE 3: Frequency Programming Information, N Register 


ADDRESS BITS DATA BITS | FUNCTION 


N Register LSBs for N = 41 
N Register MSBs for N = 43 
N Register LSBs for N = 43 


The M register is at address “1100” for the MSBs and at address “1101” for the LSBs. The table that follows gives 
the required register programming information for the values of M based on the equation given above for Fout. 


1291 4-203 


SSI 32D4665 
Time Base Generator 


APPLICATIONS INFORMATION (continued) 


TABLE 4: Frequency Programming Information, M Register 


ADDRESS BITS FUNCTION 
Do _| | | 
, 1 M Register = 125, 
Fout = 36 MHz 


M Register = 164, 


Fout = 45 MHz 
M Register = 188, 
Fout = 54 MHz 
M Register = 209, 
Fout = 60 MHz 


Loop Filter for the SSI 32D4665 


The SSI 32D4665 requires a loop filter to control the PLL locking characteristics. While there are several types 
of filters that can be used to perform this function, a simple integrating filter has proven to be very effective (see 
Figure 2). To select the components for the loop filter, two considerations should be made. First, the acquisition 
time of the loop must be less than the minimum track-to-track seek time and second, the capacitor C1 should be 
low leakage (C1 < 1.0 uF). The acquisition time of the loop is set-up to accommodate a zero phase restart and 
allow for 1% maximum phase error after phase acquisition. This yields a settling time of: t, = 5/a,. 


From the data sheet, 


KVCO = (0.21)(2n)(Fout) rad/s V (typ.), at 72MHz KVCO = 9.5x 10’ 
KD = (4.14 £-3/RR A/rad @ RR = 4.75 kQ, KD =8.76x 10” 


For a second order system, 
R1 = (2x € x w,)(KVCO x KD) where € is the damping factor. 
C1 = (KVCO x KD)/(w,? ) and C1/10 > C2 > C1/20 


A damping factor of 0.7 to 1.0 is suggested to prevent locking to harmonics while maintaining an acceptable lock 
time. At the maximum frequency selected, the damping factor of 1.0 should be considered thereby allowing the 
damping factor to drop as the frequency drops. 


If we start with m, = 2x 10%, C1 can be calculated as 0.21 wF and C2 can be calculated as 0.01 to 0.02 uF. As 
mentioned above, the damping factor at the maximum frequency of 72 MHz should be 1.0, so R1 is calculated 
as: | 

R1 = (2x 1.0 x 2E4 )/(9.5E7 x 8.76E-7) = 480 Q 


These values will produce a loop settling time t, of 5/2 x 10* = 250 secs. 


The values calculated here are sample values that have been used in the lab and should be considered starting 
values. The values of R1, C1, and C2 can be further optimized to meet specific needs. 
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13}pwron  vcB /® 
SDATA 
SCLK 
SDEN 
FOEN 


32D539 


FIGURE 2: Typical 32D4665 Application 
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PACKAGE PIN DESIGNATIONS 
(Top View) 


AGND 
DACP 
VCA 
FOUT 
FOEN 
VCB 
FLTR 
VCD 
PWR_ON 
DGND 
| XL1 
XL2 


a % 


2 
3 
4 
5 
6 
7 
8 
9 


a oe < 
Oo —+~ Oo 


24 Pin SOL 


Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use 
for final design. 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other 
rights of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. 
Silicon Systems reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to 
verify that the data sheet is current before placing orders. 


Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 
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dl TDK NS stems 


December 1991 
REFERENCE OSCILLATOR 


An internal reference oscillator generates the standby reference for the PLL. A series resonant crystal should be 
used between XTAL1 and XTAL2. If a crystal oscillator is not desired, then an external AC coupled ECL source 
may be applied to XTAL1, leaving XTAL2 open. A TTL compatible reference may also be used if suitably 
attenuated. 


If it is desired to operate a crystal at a non-fundamental or harmonic frequency, then the following network is 


suggested: 
XTAL 1 XTAL 2 
25 | 
@, = 201F,=—— 
LC 
0.01pF 
Q 7 Q,= @,C Rin 


The typical input impedance looking into XTAL1 is approximately Rin = 250Q. It is recommended to design the 
value of Qo at approximately 10 to 15. Therefore, a resonant frequency of Fo = 20 MHz would result inl =0.16 WH 
and C = 380 pF. 


ATTENUATOR CIRCUIT 


If acrystal oscillator is not desired, then an external TTL Compatible reference may be applied to XTAL1 leaving 
XTAL2 open. It is required, however that the TTL signal be attenuated then A.C. coupled into XTAL1 using the 
following network: 


Ry 0.1 LF 
Vin (p-p) TTL CLOCK INPUT |_—_[___ XTAL1 = 1.0V - 2.0 Vpp 
1.5 
Ro =——_—-———- R,=10—-Ro 
Re Vin (P - P) 
Ry=Re =(kQ) 


The signal amplitude into XTAL1 should be attenuated to approximately 1.0 to 2.0 Vp-p; this will insure that the 
transients associated with TTL switching characteristics won't couple into the data synchronizer and degrade 
performance. 
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LOOP FILTER 


The performance of the data synchronizer is directly related to the selection of the loop filter. The loop filter 
characteristics should be optimized for: 


(A) Fast Acquisition 


The ability of the loop to quickly obtain lock when the input signal to the Phase Detector is switched 
between the reference oscillator (crystal) and the Read Data (RD). Fast acquisition implies a large loop 
bandwidth so that it can quickly respond to changes at the input. 


(B) Data Margin 


The ability of the loop to ignore bit shifts (jitter) and maintain a well centered window about the data pulse 
train. In general, it is not desirable to allow the loop to respond to a single shifted bit as this would cause 
the subsequent bit to be poorly centered within its window and possibly cause an error. This requirement 
implies a small loop bandwidth reducing the sensitivity to high frequency jitter. 


(C) Data Tracking 


The ability to respond to instantaneous changes in phase and frequency of the data. This can be a result 
of such phenomena as disk rotational speed variations which cause changes in the characteristics of the 
incoming data stream. In general, this requirement is consistent with that of fast acquisition, however, this 
depends upon the application. 


Although the loop performance characteristics place conflicting requirements on the loop bandwidth, the 
architecture of the Silicon Systems data synchbronizer family significantly simplifies the design by minimizing the 
“step in phase” and “step in frequency” encountered when switching the Phase Detector input reference signal. 
A zero phase restart technique is employed to minimize the initial phase error while the Stance) reference oscillator 
keeps the VCO at the center frequency during non-read modes. 


One approach in determining the initial loop filter selection is to consider the requirements imposed during 
acquisition. This includes both acquiring lock to the crystal reference in non-read modes, as well as locking to the 
preamble field prior to decoding data. The format of the sector will dictate which of these two criteria imposes the 
tightest restriction on acquisition. 


The requirements for acquiring lock to the crystal oscillator are application specific and usually depend upon the 
length of the Write Splice gap. Therefore, the design approach employed in this analysis will be based upon the 
requirements during acquisition to the preamble field. The length (in time) of the preamble field is set by the data 
synchronizer's locking sequence. Knowing this length in time, and that our initial phase error is less than 0.5 
radians, we can determine an acceptable loop bandwidth (wn) and damping factor (C). 
One possible loop filter configuration is as follows: 

lin } 
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The role of C1 is as an integrating element. The larger this capacitance, the longer the acquisition time; the smaller 
the capacitance, the greater the ability to track high frequency jitter. The resistor R reduces the phase shift induced 
by C1. The capacitor C2 will suppress high frequency transients and will have minimal effect on the loop response 
if it is small relative to C1 (typically C2 = C1/10) 


~ The loop filter transfer function is: 
F( Vout 1+sSRC, 


S) =———- = 
lin sC,(1+sCp RaC7/C;) 


lf C2 << C1, then: 
F (s) = Vout _1 +SRC, 


The overall block diagram for the phaselock loop can be described as: 


@ ins) 9-0 ]—> [Fig] 29] 


8 out (Ss) 


Where: 
KD = Phase Detector gain [A/rad] 


F(s) = Loop filter impedance [V/A] 
KVCO/s = VCO control gain [rad/s V] 
N = The ratio of the reference input frequency to the VCO output frequency 


The closed loop transfer function is: 


1(s)= Gout(s) G(s) _ KD*KVCO[(1+SRC,)/C,] 
Gin(s) 1+GH(s ) S24 s[N¢KD*KVCO-R}+ SO RNEO 
1 
by putting the characteristic equation (denominator) in the form of: ; 
s +2sC@mn+an 
we can solve for wn and C to get: 
2 
a _N*KD*KVCO rN: KD-KVCO*R 
C1 On 
Now we can solve for R, C1 and C2: 
6 e 2 
1 — N+KD+KVCO ee ae oe c, 21 
2 N «KD *KVCO 10 


aon 


where: qn =loop bandwidth and, ¢=loop damping factor 
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Because of the nature of Run Length Limited (RLL) codes, the Phase Detector will only be enabled during a data 
pulse. This technique allows the VCO to run at acenter frequency with period, TVCO, equal to one encoded data 
bit cell time. 


Figure 1 represents the relationship between the VCO output when locked to various Phase Detector input signals. 


—+|{ TVCO k— 
VCO OUTPUT @ 


REFERENCE OSCILLATOR 
INPUT 


'3T INPUT 


‘'4T INPUT 


‘BT’ INPUT 


FIGURE 1: Relationship of VCO Output to Phase Detector Input 


The average amplitude of the Phase Detector gain depends upon the Phase Detector input signal. When the PLL 
is locked to the reference oscillator, the Phase Detector is continuously enabled and the gain is at its maximum. 
When the PLL is tracking data and the input is an "8T" pattern, then the Phase Detector gain is at its minimum. 
The following indicates the value of "N" for various input conditions: 


N = 1.0 for 8in = reference oscillator 
N=0.33 for 6in = 3T (100) preamble field 
N=0.25 for Oin = 4T (1000) 

N=0.125 for 8in = 8T 


Throughout this analysis the PLL has beenconsidered as acontinuous time system. In actuality the characteristics 
of the Phase Detector result in a sampled data system. By utilizing an integrating loop filter to average and smooth 
the Phase Detector charge pump output pulses, this analogy should be reasonable. 


Determining an acceptable amount of phase error after locking to the preamble field depends upon the system 
requirements. In addition, it may be necessary to consider the effects of frequency steps in applications where 
motor speed control tolerances are significant. Generally, an acceptable amount of error is defined to be that 
amount which when added to all other timing error contributors, results in the data being within its timing window 
by the required margin. : 


In general, it is desirable to have the loop damping factor “C” between 0.5 and 1.0 during acquisition. For a high 
gain, second-order loop this results in minimal noise bandwidth. 
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Figure 2 represents the phase error's response in time to a transient step in phase as a function of the loop 
bandwidth and damping factor. Figure 3 indicates the response of the VCO control voltage to compensate for this 
step in phase. 


i ae es ee ee a | ee ee 
OS RSRE ay es ee a Ee | a a ee 
Se Ee SE | | 


Sem RE SARE LE A A ET aes Cs SN A | | Ee 


aS ER A Se eT 2 | 
ee Bee ee ee ee ee ee | ee 
a ee | ieee 
Sa Se (RS (|e 


ak eee la 
Woes we. 


FIGURE 2: Transient Phase Error 0e(t) Due To a Step In Phase A0@ 


YOHHS ASVHd G3ZNVNYON 
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FIGURE 3: Transient Phase Error 0e(t) Due to a Step In Frequency Aw 
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DATA RECOVERY APPLICATIONS 


DETERMINING LOOP FILTER COMPONENTS 


What follows is a method to calculate loop filter components based on the acceptable phase error when the VCO 
switches from the reference frequency to read data. 


To determine the maximum time the VCO has to lock from the reference frequency to read data, the equation is: 
Tmax = Ln  'xT'/(DReM) 


DR is the data rate and Tmax is the amount of time the Phase Lock Loop (PLL) has to settle to within an acceptable 


‘amount of error before tracking and decoding data. Ln, 'xT' and M are variables that are device dependent and 


are defined tin Table 'A’. It is important to note it follows from the above equation that the locking time from the 
reference frequency (crystal oscillator) to read data is fixed and is not dependent on the length of the preamble 
field. Although, any additional preamble field will allow more time for the PLL to settle out before starting to decode 
data. 


Table A 


foewee | wooe | enemmzomy |u| 


3 
4 
3 
4 
3 
3 
3 
3 


DEVICE: An 'X' implies a family of devices, for instance 537X includes the 5371, 5372, 5373 and 5374 


MODE: This is'SS' for soft sector and'HS' for hard sector application. '--' implies that there is no difference between 
hard sector or soft sector applications. 


PREAMBLE ('xT'): Depending on the mode, the preamble could be a'3T' (xT = 3) or '4T' (xT = 4). 


Ln: This is the number of read data transitions that the device counts within the preamble to allow for VCO lock. 
The transitions are assumed to be part of a uniform preamble field. 


M: This factor times the Data Rate determines the frequency of read data. It is also the code rate. For instance, 
for the 537X, if the data rate is 20Mbit/s then the read data frequency would be 20 « M = 20 « 1.5 = 30 Mbit/s. 


Example; 

Assuming a SSI 32D5372 running at a data rate of 2OMbit/s, 
tmax = 16° 3/(20E6 + 1.5) = 1.6 us 
Therefore, the PLL has 1.6 Us to settle within an acceptable amount of error before tracking and decoding data. 


To determine the components of the loop filter, the next step is to calculate the typical phase detector gain (Kd) 
and VCO control gain (KVCO) of the specific data synchronizer device. 
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In Table B is the typical Kd and KVCO equations of the current data synchronizer family, check the latest product 
data sheet to ensure that the equations have not changed during the product characterization cycle. 


Table B 


DEVICE Kd (yA/rad) 


5321 309/(RR + 0.53) 


0.19 *2¢nx/To 


5322 309/(RR + 0.53) 0.17+2+*n/To 

535 309/(RR + 0.53) 0.17*2¢n/To 
5351/1A 340/(RR + 0.90) 0.17+2+n/To 
5362A 570/(RR + 0.53) 0.20 2 « n/(2To)** 
5371/2 660/(RR + 0.53)* 0.20 « 2 n/(2To)* 
5373/4 660/(RR + 0.53)* 0.20 «2 n/(2To) 
539 750/(RR + 0.42)* 0.20+2+n/To 


Where: To: is the VCO Center frequency period 
RR: is the reference resistor connected to the IR pin 
KD: is normalized for a 1F read data pattern 


“Note: This device switches the phase detector gain between read and non-read modes to optimize locking 
between the reference frequency and read data (and back again.) The equation give in the table is for read mode. 


**Note: The VCO frequency in this device is divided by two before entering the phase detector. The additional '2' 
in the denominator normalizes KVCO for the following loop filter equations. 


In general, it is desirable to have the loop damping factor "C" between 0.5 and 1.0 during acquisition. For a high 
gain, second-order loop this results in minimal noise bandwidth. 


To determine the bandwidth w,, one must decide what the acceptable phase error will be when the PLL switches 
from the reference frequency to read data after the locking time, Tmax, is complete. As shown in figure 2, with 
€ = 0.7, choosing w,T = 2.3 the phase error will be at most 22% of the initial pnase error, 7.5% at w,T = 4.0, etc. 
The bandwidth is then @,, = (@, 1)/Tmax; where Tmax is the settling time of the PLL calculated above. 


We now have enough information to calculate the loop filter components: 
C1 =N* Kd» KVCO/(a,)? R=2°"C" ew /(N* KD * KVCO) C2 = C1/10 


where: 
Kd = Phase Detector gain (uA/rad) 
KVCO = VCO control gain (rad/s V) 
N = The ratio of the reference input frequency to the VCO output frequency. 
(For a '3T' preamble 
N = 0.33, '4T’ preamble N = 0.25) 
@, = Acceptable loop bandwidth 
"C" = Acceptable loop damping factor 


Example: 
SSI 32D5362A running at 15 Mbit/s. 
From Table A 

xT = 3; Ln= 16; M = 1.5 


Tmax = Ln « 'xT'/(DR « M) = 16 » 3/(15E6 « 1.5) = 2.1 us 
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For this example, we want the acceptable phase error when the VCO is switched from the reference frequency 
to read data to be less than 15% of the initial phase error. This results, from figure 2 and "C" = 0.7, in a wn(Tmax) 
between 3 and 4. To simplify the results let w,(Tmax) = 3.2. Since the data synchronizer family employs a zero 
phase restart technique to reduce the initial phase error (a design goal of + one rad is typical for the family.) The 
initial phase error has been characterized to be typically 6ns for the SSI 32D5362A. Thus the acceptable phase 
error will be 0.15 * 6 = 0.9 ns when the VCO is switched. 


@,(Tmax) = 3.2 , = 3.2/2.1E-6 = 1.5 Mrad/s 
RR = 92.6/DR-2.3 = 92.6/15 - 2.3 = 3.87k 


From Table B 
KD = 570/(RR + 0.53) = 130 wA/rad 


KVCO = 0.2 © 2° n/(2To) = 0.2 © 2° n/(2 © 22.2E-9) = 28.3 Mrad/sV 
C1=N*KVCO « KD/(a,)2 = 0.33 « 28.3 » 130/1.5E62 = 540pF 

C2 = 540pF/10 = 54pF | 
R=2°"C" «a /(N* KD * KVCO) = 2° 0.7 © 1.5E6/(0.33 * 130 * 28.3) = 1729 


LAYOUT CONSIDERATIONS 


As with other high frequency analog devices the SSI 32D5321/22 requires care in layout. The designer should 
keep analog signal lines as short as possible and well balanced. Use of a ground plane is recommended, along 
with supply bypassing to separate the SSI 32D5321/22, and associated circuitry, from other circuits on the PCB. 
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DATA RATE | DAMPING |LOCK TIME ee | EXTERNAL COMPONENT VALUES 
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BANDWIDTH 


EXTERNAL COMPONENT VALUES 
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Data Synchronizer Family 
Application Notes 


These loop filter configurations and component values should be considered a starting point. The final value of 
wn depends upon the system requirements and can certainly be optimized for a specific application. In the table 
below, we have listed some suggested external component values for several common data rates. 


32D535 
DATA RATE | DAMPING | LOCK TIME BANDWIDTH EXTERNAL COMPONENT VALUES 

iMaltis) TRACTORS | tak (iss *n (=) RR(kQ)| Cd(pF) | Rd(kQ)| R(kQ) |© 4 (pF) © 2 (pF) 
re [ or | 75 [so] aero | ace | 100 [xo [oo | eer | oo 
[seo [ar | sr [sr 


32D5351 
DATA RATE | DAMPING | LOCK TIME pa beeea EXTERNAL COMPONENT VALUES 
(Mbit/s) |FACTOR,¢ On (=) C Cc 
tmax (ps) sec RR(kQ) | Cd(pF) | Rd(kQ)) R(kQ) |© 4 (pF)|% 2 (pF) 
ae at oe Tae cette ae an ee) 
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Data Synchronizer Family 
Application Notes 


These loop filter configurations and component values should be considered a starting point. The final value of 
«wn depends on the system requirements and can certainly be optimized for a specific application. In the following 
table we have listed some suggested external component values for two common data rates: 


32D5362A 


The following is a list of recommended component values based on the above calculations. It is important to note 
that these values should be considered a starting point in designing a loop filter for a specific drive application, 
the optimal bandwidth and requirements for re-locking back to the reference frequency after read mode has been 
terminated have not been considered. 


32D5371/5372 


DATA RATE | DAMPING | LOCK TIME BANDWIDTH KD | kvoO 


(Mbit/s) | FACTOR,S) tax (us) wn n( 28) i) RR(kQ)| R(kKQ) |© 4 (pF)| © 2 (pF) 
sa a a ae a ee 
a a dA 


25xi0® | pats 
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FIGURE 5: Typical Application 
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Data Synchronizer Family 
Application Notes 


LAYOUT CONSIDERATIONS 


As with other high frequency devices the data synchronizer family requires care in layout. The designer should 
keep analog signal lines as short as possible and well balanced. Use of a ground plane is recommended, along 
with supply bypassing, to separate the data synchronizer device and associated circuitry from other circuits on 
the PCB. It is also recommended that an inductor (~0.3H) be placed in series with the analog supply which 
supports the VCO circuitry on the higher data rate (1,7) RLL products. This is generally VPA1, but check the 
application diagram in the specific product data sheet for more information. This additional filtering has been 
shown to be effective in reducing VCO jitter, which can degrade window margin performance. 


TEST POINTS 
The SSI 32D5362A, 5371/5372/5373/5374, 539 provide three (3) test points which can be utilized to evaluate 
window margin characteristics. 
(a) DRD, delayed read data — the positive edges represent the data bit position 
(b) VCO REF, the VCO reference which represents the input to the Phase Detector, synchronizer, and 1,7 
decoder 
(c) VCO CLK, the VCO clock output which represents the output of the VCO 
The following figure describes the relationship between the various test points: 


BRO 


VCO CLK 


VCO REF 


FIGURE 6: Test Point Relationships 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 
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DESCRIPTION 


The SSI 32P548 is a low power, high performance 
Pulse Detection, Data Synchronization combination 
device. This device is designed for use in low power 
applications requiring +5V only power supplies. The 
pulse detection portion of this device detects and 
validates amplitude peaks in the output from a disk 
drive read amplifier, as well as detecting embedded 
servo information to provide position signals used for 
read head positioning. The data synchronization portion 
is a2, 7 data synchronizer with window shift and write 
pre-compensation capability. The SSI 32P548 achieves 
low system operating power three ways, with a low 
operating power (+5V only design) and with two 
independent power down modes. Mode 1 is acomplete 
shutdown or sleep mode. Mode 2 is alow power mode 
for use while acquiring servo, where all Circuitry not 
associated with obtaining servo information is powered 
down. The SSI 32P548 is available ina 52-pinfine pitch 
QFP, and 68-pin PLCC. 


SSI 32P548 


Pulse Detector & 
Data Synchronizer 


Advance Information 


July, 1990 


FEATURES 


e Highly Integrated Pulse Detector and 
Data Synchronizer 


¢ +5V only Power Supplies 
¢ Low Power <750 mW (max) 
¢ Dual Power Down Modes 


¢ Dual Servo Burst Channels with Position Error 
Signal 


e Low Pulse Pairing (< +1 ns) 


¢ 5-12 Mbit/s operation 


BLOCK DIAGRAM 


Retriggerable 
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CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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CIRCUIT OPERATION 
PULSE DETECTOR SECTION 


READ MODE 


In read mode the SSI 32P548 is used to process either 
data or servo signals. In the Data Read Mode the input 
signalis amplified and qualified using an AGC amplifier 
and pulse level qualification of the detected signal 
peaks. In the servo read mode the input signal is 
amplified and rectified. Two servo burst channels are 
available that provide A and B burst levels. 


DATA READ MODE 


An amplified head output signal is AC coupled to the 
IN+ and IN- pins of the AGC amplifier. Gain control is 
accomplished by full wave rectifying and amplifying the 
[(DIN+)-(DIN-)] voltage level and comparing it to a 
reference voltage level at the AGC pin. 


The SSI 32P548 contains a dual rate attack charge 
pump. The value of the attack current is dependent on 
the instantaneous level at DIN+. For signal levels 
above 125% of the desired level a fast attack mode is 
invoked that supplies a 1.38 mA charge current to the 
network on the BYP pin. Between 125% and 100% of 
the desired level the circuit enters a slow attack mode 
and supplies 0.18 mA of charge current to the BYP pin. 


Two decay modes are available and are automatically 
controlled within the device. 


Upon a switch to write mode, the device will hold the 
gain at its previous value. When the device is then 
switched back to read mode the AGC holds the gain 
and stays in a low impedance state for 0.9 us. It then 
switches into a fast/slow attack mode if the new gain 
required is less than the previously held gain or a fast 
decay mode if the gain required is more than its 
previous value. The fast decay current is 0.12 mA and 
stays on 0.9 us. After the 0.9 ps time period the device 
stays in a steady state slow attack, slow decay mode. 
The slow decay discharge current is 4.5 pA. 


The AGC pin is internally biased so that the target 
differential voltage input at DIN+ is 1.0 Vp-p under 
nominal conditions. The voltage on this pin can be 
modified by tying a resistor between AGC and GND or 
VPA. A resistor to GND decreases the voltage level, 
while a resistor to VPA increases it. The resulting AGC 
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VRext 
Rint + Rext 


Vacc = {5-¥) Rint Jy 


Rint + Rext 


VAGC = 


FIGURE 1: AGC Voltage 
voltage level is shown in Figure 1; where: 
V = Voltage at AGC w/pin open (2.3V, nom) 
Rint = AGC pin input impedance (2.5 kQ, typ) 
Rext = External resistor 


The new DIN + input target level is nominally 0.45 Vp-p/ 
VAGC. 


The maximum AGC amplifier output swing is 3.0 Vp-p 
at OUT+, which allows for up to 6dB loss in any external 
filter between OUT= and DIN+. 


AGC gain is a linear function of the BYP-pin voltage 
(VBYP) as shown in Figure 2. 


Gain V/V 


80 


Slope = 120/V nominal 


2.45 
VByP (Volts) 


FIGURE 2: AGC Gain 


The AGC amplifier has an open collector output and 
can sink 4.0 mA. For correct operation to the gain 
range the outputs should be pulled up to VPA through 
a 340Q resistor as shown in Figure 3. 


DIN-/CIN- DIN+/CIN+ 


FIGURE 3: AGC Filter 
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Inthe 52-pin package configuration CIN+ and DIN+will 
be bonded together, likewise CIN- and DIN- will be 
bonded together. In this situation one filter must be 
used for both time and amplitude channels. A multipole 
Bessel filter is typically used for its linear phase or 
constant group delay characteristics. 


Inthe amplitude channel the signal is sent to a hyster- 
esis comparator. The hysteresis threshold level is set 
so that it will be tripped only by valid signal pulses and 
not by baseband noise. It can be fixed level ora fraction 
of the DIN voltage level. 


The latter approach is accomplished by using an exter- 
nal filter/network between the LEVEL and HYS pins. 
This allows setting the AGC slow attack and decay 
times slow enough to minimize time channel distortion 
and setting a shorter time constant for the hysteresis 
level. The LEVEL pin output is a rectified and amplified 
version of DIN+, 1.0 p-p at DIN+ results in 1.0 Vo-p 
nominally, at the LEVEL pin. A voltage divider is used 
from LEVEL to ground to set the Hysteresis threshold 
at a percentage of the peak DIN+ voltage. For example, 
if DIN+ is 1.0 Vp-p, then using an equal valued resistor 
divider will result in 0.5 Vpk at the HYS pin. This will 
result ina nominal+0.18V threshold ora36% threshold 
of at0.500V DIN+ input. The capacitor is chosen to set 
an appropriate time constant. This “feed forward” tech- 
nique speeds up transient recovery by allowing quali- 
fication of the input pulses while the AGC is still settling. 
This helps in the two critical areas of write to read and 
head change recovery. Some care in the selection of 
the hysteresis level time constant must be exercised so 
as to not miss pattern (resolution) induced lower am- 
plitude signals. The output of the hysteresis comparator 
is the “D” input of a D-type flip-flop. The DOUT pinis a 
comparator output signal for testing purposes only. 


In the time channel the signal is differentiated to trans- 
form signal peaks to zero crossings which are detected 
and used to trigger a bi-directional one-shot. The one- 
shot output pulses are used as the clock input of the D 
flip-flop. The COUT pin provides the one-shot output 
for test purposes. 


The differentiator function is accomplished by an exter- 
nal network between the DIF+ and DIF- pins. The 
transfer function from CIN+ to the comparator input 
(not DIF+) is: —2000Cs 
V--— 
LCs? +C(R+92)s+1 
where: C,L, R are external passive components 


20 pF <C < 150 pF 
S=jo = j2rf 


0790 - rev. 


SSI 32P548 
Pulse Detector & 
Data Synchronizer 


During normal operation, the time channel clocks the D 
flip-flop on every positive and negative peak of the 
CIN input. The D input to the flip-flop only changes 
state when the DIN+ input exceeds the hysteresis 
comparator threshold opposite in polarity to the previ- 
ous threshold exceeding peak. 


The time channel, then, determines signal peak timing 
and the amplitude channel determines validity by 
blocking signal peaks that do not exceed the hysteresis 
comparator threshold. The delays in each of these 
channels to the D flip-flop inputs are well matched. 


SERVO READ MODE 


A position error signal (PES) is generated based onthe 
relative amplitude of two servo signals, BURST A and 
BURST B. 


Rectified servo signal peaks are captured on hold 
capacitors at the HOLDA/B pins. This is accomplished 
by pulling LATCHA or LATCHB low for a sample pe- 
riod. Additionally, a hold capacitor discharge current of 
up to 1.5 mA can be turned on by pulling RSTA/RSTB 
low. 


Outputs BURSTA/B and PES are referenced to an 
internal reference supplied by the VREF pin. 


WRITE MODE 


In Write Mode the SSI 32P548 Pulse Detector section 
is disabled and preset for the following Read Mode. 
The digital circuitry is disabled, the input AGC amplifier 
gain is held at its previous value and the AGC amplifier 
input impedance is reduced. 


Holding the AGC amplifier gain and reducing input 
impedance shortens system Write to Read recovery 
times. 


The lowered input impedance improves settling time 
by reducing the time constant of the network between 
the SSI 32P548 and a head preamplifier such as the 
SSI 32R1200R. Write to read timing is controlled to 
maintain the reduced impedance for 0.9 us before the 
AGC circuitry is activated. Coupling capacitors should 
be chosen with as low a value as possible consistent 
with adequate bandwidth to allow more rapid settling. 


SSI 32P548 
Pulse Detector & 
Data Synchronizer 


DATA SYNCHRONIZER SECTION 


The SSI 32P548 is designed to perform data synchro- 
nization and write precompensation in rotating mem- 
ory systems which utilize a2, 7 RLL and MFM encoding 
format. In the Read Mode the SSI 32P548 performs 


Data Synchronization, and Preamble Detect. In the © 


Write Mode, the SSI 32P548 performs write precom- 
pensation. The interface electronics and architecture 
of the SSI 32P548 have been optimized for use as a 
companion device to the WD 42C22 controllers. 


The SSI 32P548 can operate with data rates ranging 
from 5 to 12 Mbit/s. This data rate is established by a 
single 1% external resistor, RR, connected from pin 
IREF to VPA2. This resistor establishes a reference 
current which sets the VCO center frequency, the 
phase detector gain, and the 1/4 cell delay. The value 
of this resistor is given by: 


RR = 50/DR — 1.7 (kQ) 
Where: DR = Data Rate in Mbit/s 


An internal crystal reference oscillator, operating at 
twice the data rate, generates the standby reference 
for the PLL. A series resonant crystal between XTAL1 
and XTAL2 should be selected at twice the Data Rate. 
Ifacrystaloscillatoris notdesired, then an external TTL 
compatible reference may be applied to XTAL1, leav- 
ing XTAL2 open. 


The SSI 32P548 employs a Dual Mode Phase Detec- 
tor; Harmonic in the Read Mode and Non-Harmonic in 
Write and Idle Modes. Inthe Read Mode the Harmonic 
Phase Detector updates the PLL with each occurrence 
of aDLYD DATApulse. Inthe Write and Idle Modes the 
Non-Harmonic Phase Detector is continuously 
enabled, thus maintaining both phase and frequency 
lock. By acquiring both phase and frequency lock tothe 
crystal reference oscillator and utilizing a zero phase 
restart technique, false lockto DLYD DATAis eliminated. 


The phase detector incorporates a charge pump in 
order to drive the loop filter directly. The polarity and 
width of the output current pulses correspond to the 
direction and magnitude of the phase error. Figure 4 
depicts the average output current as function of the 
input phase error (relative to the VCO period.) 


The READ GATE (RG), and WRITE GATE (WG), 
inputs control the device mode as describedin Table 1. 
RG is an asynchrouous input and may be initiated or 
terminated at any position on the disk. WG is also an 
asynchronous input, but should not be terminated prior 
to the last output Write Data pulse. 


READ OPERATION 


The Data Synchronizer utilizes a fully integrated fast 
acquisition PLL to accurately develp the decode win- 
dow. Read Gate, RG, initiates the PLL locking se- 
quence and selects the PLL reference input; a high 
level (Read Mode) selects the Read Data input and low 
level selects the crystal reference oscillator. | 


In the Read Mode the rising edge of DLYD DATA 
enables the Phase Detector while the falling edge is 
phase compared to the rising edge of the VCO. As 
depicted in Figure 2, DLYD DATA is a 1/4 cell wide 
(TVCO/2) pulse whose leading edge is defined by the 
leading edge of Read Data. RRC is generated from the 
rising edges of the VCO clock. By utilizing a fully 
integrated symmetrical VCO running at twice the data 
rate, RRC is insured to be accurate and centered 
symmetrically about the falling edges of DLYD DATA. 
The accuracy of the 1/4 cell delay only affects the 
retrace angle of the phase detector and does not 
influence the accuracy of RRC. 


Shifting the symmetry of the VCO clock effectively 
shifts the relative position of the DLYD DATA pulse 
within the decode window. This powerful capability 
easily facilitates defect mappings, automatic calibra- 
tion, window margin testing, error recovery, and sys- 
tematic error cancellation. For enhanced disk drive 
testability and error recovery, decode window controlis 
provided via a uP port (WSL, WSD, WSO, WS71) as 
described in Table 2. In application not utilizing this 
feature, WSL should be left open or connected to 
VPA2, while WSD, WSO, and WS1 can be left open. 


Window shifts inthe range of +1.5% to +7.5% of TORC 
are easily programmed by latching the appropriate 
control word into the Window Shift Register with the 
WSL pin. Shifts in the positive or negative directions 
result in early or late decode windows respectively, as 
depicted in Figure 6. Additionally, for small systematic 
error cancellation, a resistor, R, connected from either 
RS (Early) or RF (Late) to ground will provide analog 
control over the decode window. The magnitude of this 
shift, TSA is determined by: 


TSA=04125TORC| 1- ads 


1450+R 
Where: R is in Q 
Pins RF and RS are intended to be used as a trim and 


should be restricted to +1.5% window shifts. They can 
be used in conjunction with the digital control port. 
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In Non-Read Modes, the PLL is locked to the crystal 
reference oscillator. This forces the VCO to run ata 
frequency which is very close to that required for 
tracking actual data and thus minimizes the associated 
frequency step during acquisition. When RG transi- 
tions, the VCO is stopped momentarily, then restared 
in an accurate phase alignment with the next PLL 
reference input pulse. By minimizing the phase align- 
ment in this manner (phase error < 0.5 rads), the 
acquisition time is substantially reduced. 


PREAMBLE DETECTION 


Preamble detection timing is set by the sum of the 1/4 
cell delay and the retriggerable one-shot delay. 
The 1/4 cell timing capacitor is included on-chip and its 
timing is externally set by resistor RR. The retriggerable 
one-shot timing is externally set by resistor Rd and 
capacitor Cd. The sum of their delays is set to exceed 
the preamble bit spacing. Therefore, a continuous 
stream of input pulses atthe preamble pulse rate keeps 
the SDO high, and a longer bit cell time input period 
allows the one-shot to time out producing a low at SDO. 


TABLE 1: Mode Control 


oo 


px | x | x | tf of Power Down 2 - Servo mode 
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WRITE OPERATION 


Write precompensation circuitry is provided to com- 
pensate for media bit shift caused by intersymbol 
interference. The magnitude of the time shift, TC, is 
determinded by an external R-C network on the PCS 
pin given by: 


TC = 0.155 Rp Cp 


Direction of the time shift is determined by the state of 
the EARLY and LATE inputs. 


POWER DOWN MODE 


Two power down modes are provided to reduce power 
usage during the idle periods. Taking PDOWN1 low 
causes the device to go into complete shutdown, and 
taking the PDWN2 pin low shuts down all functions not 
required for servo aquisition. 


MODE CONTROL 


The SSI 32P548 circuit mode is controlled by the 
PDWN1, POWN2, HOLD, RG, and WG pins as shown 
in Table 1. 


Read Mode VCO Locked to XTAL 


Read Mode VCO Locked to Read Data 


Write Mode AGC gain held constant* 
Input impedance reduced 


Power Down 1 - Power shutdown mode 


* AGC gain will drift at a rate determined by BYP and Hold mode discharge current. 
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Ts, NOMINAL WINDOW SHIFT 


badd 
Od 
Aa 
Loe | 
ie 
bie 


TABLE 2: Decode Window Symmetry Control 


roto 
ee 
hb 
oe 
ae 


AVERAGE 
AVERAGE OUTPUT CURRENT 


OUTPUT CURRENT eos 


@ ERROR 7 ; @ ERROR 


a) HARMONIC MODE b) NON-HARMONIC MODE 


Note 1) lo is the magnitude of the charge pump current. 
2) Phase error is relative to the VCO period 


FIGURE 4: Phase Detector Transfer Function 
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FIGURE 5: Data Synchronization Waveform Diagram 


(a) EARLY 


RRC RRC 
(DECODE (DECODE 
WINDOW) WINDOW) 


(bo) NORMAL (c) LATE 


FIGURE 6: Decode Window 
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PIN DESCRIPTION 


TYPE 


DESCRIPTION 


Analog (+5V) power supply for pulse detector. 

Analog ground pin for pulse detector block. 

Analog (+5V) supply pin for data synchronizer block. 

Analog ground pin for data synchronizer block. 

Digital (+5V) power supply pin. 

Digital ground pin. 

Analog signal input pins. 

Read path AGC Amplifier output pins. 

Analog input to the hysteresis comparator. 

Analog input to the differentiator. 

Pins for external differentiating network. 

Test point for monitoring the flip-flop clock input. 

Test point for monitoring the flip-flop D-input. 

Test point for ECL like read data prior to input to the data synchronizer. 
YP He) n AGC timing capacitor or network is tied between this pin and AGND1. 
G Reference input voltage for the read data AGC loop. 


EVEL Output from fullwave rectifier that may be used for input to the hysteresis 
comparator. 


Hysteresis level setting input to the hysteresis comparator. 
L compatible pin that holds the AGC gain when pulled low. 


TTL compatible inputs that switch channel A or B into peak acquistion 
mode when low. 


TTL compatible input that enables the discharge of channels A & B hold 
capacitors when held low. 


Hold capacitor discharge current magnitude is controlled by a resistor 
from this pinto VPA or GND. If left open the default current is 1.5 mA. 


HOLDA, HOLDB /O | Peak holding capacitors are tied from each of these pins to AGND1. 
Reference voltage for Servo outputs. 

Buffered hold capacitor voltage outputs. 

Position error signal, A minus B output. 

Low state on this pin puts the device in a low power “off” state. 


Low state on this pin disables all circuitry not required for use during 
Servo mode. 


Crystal oscillator connections: if a crystal oscillator is not desired, XTAL1 
may be driven by a TTL source with XTAL2 open. 


VPA1 
AGND1 


5 


AGND2 
P 

DGND 

IN+, IN— 

OUT+, OUT— 

DIN+, DIN— * 

CIN+, CIN— * 

| DIF+, DIF- 


oO 


010 < < 

ee > 

| 
elele's|-|-/o--|-|-|-|-|- 18 


w 


~ |> 
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HYS 


4 


LATCHA, LATCHB 


D 
a 
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D 
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D 
n 
+ 
w 

: 
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ae 
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yD 
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BURSTA, BURSTB 


| 
m 
Y” 


XTAL1, XTAL2 
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= 
= 


= 
S 
= 
Zz 
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*In 52-pin package CIN+ will be internally bonded to DIN+, CIN- will be internally bonded to DIN-. 
**RSTA and RSTB will be internally bonded to RST in 52-pin package, and separately bonded out in 68-pin package. 
***Not available in 52-pin package. 


5-8 0790 - rev. 


SSI 32P548 
Pulse Detector & 
Data Synchronizer 


PIN DESCRIPTION (Continued) 


Timing program pin: the VCO center frequency, Phase Detector Gain andthe 1/4 cell 
delay are a function of the current source into pin IREF. The current is set by an 
external resistor, RR connected from IREF to VPA2. 


Filter pin: the phase detector output and VCO input node. The loop filter is connected 
to this pin. 


Synchronized Read Data: read data that has been re-synchronized to read clock. 


Window Symmetry Direction: controls the directions of the optional window symmetry 
shift. Pin WSD has an internal resistor pull-up. 


Window symmetry control bit: a low level introduces a window shift of 1.5% TORC 
(read reference clock period) in the direction established by WSD pin. WSO has an 
internal resistor pull-up. 


Window Symmetry Control bit: a low level introduces a window shift of 6% TORC 
(read reference clock period) in the direction established by WSD. A low level at both 
WSO and WS1 willproduce the sumof the two window shifts. Pin WS1 has an internal 
resistor pull-up. 


Window Symmetry Latch: usedto latch the input window symmetry controlbits WSD, 
WSO, WS1 into the internal DAC. An active low level latches the input bits. 


WINDOW SYMMETRY ADJUST PINS: Provides analog control over the decode 
window symmetry; typically used to null out any window symmetry offset. A resistor 
connected from either RF or RS to AGND will provide magnitude and direction 
control. They can be used in conjunction with the digital control port WSD, WSO , WS1. 


Read/Reference Clock: a multiplexed clock source used by the controller. Inthe read 
mode, this clock is the VCO frequency divided by two (1/TORC) and inthe write mode 
it is the crystal reference frequency divided by two (1/TORO). No short clock pulses 
are generated during a mode change. 


Sync Detect Set: used to program the preamble detect timing with an external RC 
Network. Connect the capacitor, Cd to VPA2 and the resistor, Rd, to AGND2. 


Read gate: selects the PLL reference input and initiates the PLL synchronization 
sequence. A high level selects the internal RD+ inputs. A low level selects the crystal 
reference oscillator, Pin RG has an internal resistor pull-up. 


Write Gate: enables the write mode. Pin WG has an internal resistor pull-up. 


Sync Detect Output: an active high output that indicates successful detection of the 
preamble sync field. 


Write Data Input, active high. 
Write Data: encoded write data output, active low. 


Precomp Set: used to set the magnitude of the write pre-compensation time shift via 
an external capacitor, Cp to VPA2 and an external resistor, Rp to AGND2. 


Early pin: shifts Write Data pulses earlier in their relative position; EARLY and LATE 
cannot be active simultaneously. 


*Not available in 52-pin package. 
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PIN DESCRIPTION (Continued) 


ef TYPE | DESCRIPTION 


Late Pin: shifts Write Data pulses later i in their relative position LATE and EARLY 
cannot be active simultaneously. 


An open emitter ECL output test point. The positive edges of this output signal are 
phase locked with the positive edges of the VCO CLK signal. These two edges may 
be used to estimate window centering. The time jitter of the negative edge of the 
PLL_REF is an indication of media bit shift. Two external resistors are requiredtouse 


this pin. They should be removed during normal operation for reduced power 
dissipation. 

VCOCLK: Anopenemitter ECL output test point. Two external resistors are required 
to perform this test. They should be removed during normal operation for reduced 
power dissipation. 


Input test pins for testing the Data Synchronizer section only. To test the Data 
Synchronizer, connect VTEST pinto VPA2 and feed the TTL level test signal to RDT 


pin. 


* Not available on 52-pin package 


ELECTRICAL SPECIFICATIONS 
Recommended conditions apply unless otherwise specified. 


ABSOLUTE MAXIMUM RATINGS 
Operation outside these rating limits may cause permanent damage to this device. 


PARAMETER | RATING 


5V Supply Voltage, VPA1, VPA2, VPD 


Pin Voltage (Analog pins) | -0.3 to VPA1,2+0.3 


Pin Voltage (All others) -0.3 to VPD +0.3 
| or+12mA 


_ Storage Temperature 65 to 150 
Lead Temperature (Soldering 10 sec.) ee 


RECOMMENDED OPERATING CONDITIONS 
Currents flowing into the chip are positive. 


a a eC 
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POWER SUPPLY 


PARAMETER 


Outputs unloaded; PDWN1, 
PDWN2 = high or open 


Ta = 25°C, outputs unloaded 


Outputs unloaded 
PDWN2 = low, PDWN1 = high 


LOGIC SIGNALS 


VIL = Input Low Voltage 
VIH = Input High Voltage 


HL Input Low Current VIL = 0.4V 
HL. WG Input Low Current VIL = 0.4V 


HH = Input High Current 


VOL Output Low Voltage 


* Output load is a 4K resistor to 5V and a 10 pF capacitor to DGND. 


MODE CONTROL 


Enable to/from PDWN1, PDOWN2 | Settling time of external 
Transition Time Capacitors not included, 
pin high to/from low 
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READ MODE WG is low 


AGC AMPLIFIER : 

Unless otherwise specified, recommended operating conditions apply. Input signals are AC coupled to IN+. 
OUT+ are loaded differentially with >340Q x 2, and each side is loaded with < 10 pF to AGND, and AC coupled 
to DINt. A 2000 pF capacitor is connected between BYP and AGND. AGC pin is open. 


PARAMETER CONDITION | MIN 
Gain Range 1.0 Vp-p < (OUT+) - (OUT-) 4 
$3.0 Vp-p | 


Maximum Output Set by BYP pin 3.0 | 
Voltage Swing 
Differential Input Resistance (IN+) - (IN-) = 100 mVp-p Q 
@ 2.5 MHz 


(IN+) - (IN-) = 100 mVp-p 
@ 2.5 MHz 


Cc 
= 
— 


< 
ne 
Ao) 


Differential Input Capacitance 


CMRR (Input Referred) (IN+) = (IN-) = 100 mVp-p 
@ 5 MHz, gain set to max 
PSRR (Input Referred) VPA1, 2 = 100 mVp-p 30 
@ 5 MHz, gain set to max 


(DIN+) - (DIN-) Input 25 mVp-p < (IN+) - (IN-) 0.37 0.45 0.56 Vp-p/V 
Swing vs. AGC Input < 250 mVp-p, HOLD = high, 


0.5 Vp-p < (DIN+) - (DIN-) 
< 1.5 Vp-p 
(DIN+) - (DIN-) Input Voltage 25 mVp-p < (IN-+) - (IN-) 
Swing Variation < 250 mVp-p 


AGC Votage ——=S*~ AG penSSCSC*iSC(t‘“‘“(;CR 
pe 
__ 


Slow AGC Discharge Current (DIN+) - (DIN-) = OV 


Fast AGC Discharge Current Starts at 0.9 us after WG 
goes low, stops at 1.8 ys 
after WG goes low 


HOLD = low 0.2 


(DIN+) - (DIN-) = 0.8 VDC, 
vary AGC until slow charge 
begins 


AGC Leakage Current 
Slow AGC Charge Current 
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AGC AMPLIFIER (Continued) 


PARAMETER CONDITION 


Fast AGC Charge Current (DIN+) - (DIN-) = 0.8 VDC, 
Vacc = 3.0V 


Fast to Slow Attack [(DIN+ )— (DIN — )] 
Switchover Point [(DIN+)—(DIN—)] FINAL 


Gain Decay Time (Td) (IN+) - (IN-) = 250 mVp-p to 
125 mVp-p @ 2.5 MHz, 
(OUT+) - (OUT-) to 90% final 


value 


(IN+) - (IN-) = 50 mVp-p to 
25 mVp-p at 2.5 MHz 
(OUT+) - (OUT-) to 90% 
final value 
Gain Attack Time WG = high to low 

| (IN+) - (IN-) = 250 mVp-p 
@ 2.5 MHz, (OUT+) - (OUT-) 
to 110% final value 


WRITE MODE WG is high 


PARAMETER CONDITION 
Common Mode Input 
Impedance 


HYSTERESIS COMPARATOR 
Unless otherwise specified, recommended operating conditions apply. Input (DIN+) - (DIN-) is an AC coupled, 
1.0 Vp-p, 2.5 MHz sine wave. 0.5 VDC is applied to the HYS pin. WG pin is low. 


Input Signal Range 

Differential Input Resistance (DIN+) - (DIN-) = 100 mVp-p 
@ 2.5 MHz 

Differential Input Capacitance (DIN+) - (DIN-) = 100 mVp-p 
@ 2.5 MHz 

Common Mode Input 

Impedance (Both Sides) 


Level Pin Output Voltage 0.6 Vp-p < (DIN+) - (DIN-) 
vs. (DIN+) - (DIN-) < 1.5 Vp-p, 10K between 
LEVEL and AGND 


Level Pin Output Impedance LEVEL = 0.2 MA 


Level pin Maximum 
Output Current 


Hysteresis Voltage at DIN+ 0.3V<HYS < 1.0V 
vs. HYS Pin Voltage 
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HYSTERESIS COMPARATOR (Continued) 


PARAMETER _ CONDITIONS 
HYS Pin Current 0.5V <HYS < 1.5V 


Comparator Offset Voltage HYS pin at AGND 
< 1.5kQ across DIN+ 
DOUT Pin Output Low Voltage 5 kQ from DOUT to GND es 


DOUT Pin Output High Voltage 5 kQ from DOUT to GND VPA2 -1.6 


ACTIVE DIFFERENTIATOR 
Unless otherwise specified, recommended operating conditions apply. Input (CIN+) - (CIN-) is an AC-coupled, 
1.0 Vp-p, 2.5 MHz sine wave. 100Q in series with 65 pF are tied from DIF + to DIF-. 


Differential Input Resistance (CIN+) - (CIN-) = 100 mVp-p 
@ 2.5 MHz 

Differential Input Capacitance (CIN+) - (CIN-) = 100 mVp-p pF 
@ 2.5 MHz 


Common Mode Input Impedance | Both sides - 


Voltage Gain From (DIF+ to DIF-) = 2kQ 
CIN+ to DIF+ | 


DIF+ to DIF- Pin Current — Differentiator impedance 
must be set so as to not clip 
the signal for this current 

level 


"Comparator Otset Votage | Fs, DF-are AC-coupied | __ 
COUT Pin Ouput Low Votage | Ski tomCOUTteGND |_| VPA22 
COUT Pin Output High Votage | Ska trom COUTIOGND | 
ee 


Fast Discharge Switch | Sus | 


DIN+ — DIN- | 
| coe crite: 1, 
: | 


Fast Slow 
Fast Slow Discharge Discharge 
Charge Charge 


Figure A: AGC Attack Sequence Figure B: AGC Decay Sequence 


FIGURE 7: AGC Timing Diagram 
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QUALIFIER TIMING (See Figure 8) 


Unless otherwise specified, recommended operating conditions apply. Inputs (CIN+) - (CIN-) and (DIN+) - (DIN-) 
are in-place as a coupled, 1.0 Vp-p, 2.5 MHz sine wave. 100Q in series with 65 pF are tied from DIF + to DIF-. 
0.5V is applied to the HYS pin. COUT, DOUT and RD has a 5 kQ pull-down resistor (for test purposes only.) 
WG pin is low. 


Td1 D Flip-Flop Set Up Minimum allowable time 
Time delay from (DIN+) - (DIN-) 
exceeding hysteresis 
point to (DIF+) - (DIF-) 
hitting a peak value. 


Td3 Propagation Delay 


|Td3-Td4| Pulse Pairing 


+HYSTERESIS LEVEL 
V(CIN+) — (CIN-) 
and 
V(DIN+) — (DIN-) 


~HYSTERESIS LEVEL 
VDOUT 


—>| 101 ke 


V (DIN+ — DIN-) 


DIFFERENTIATOR 
COMPARATOR OUTPUT 


VCouT 


RD TEST PT 
OUTPUT 


FIGURE 8: Read Mode Digital Section Timing Diagram 
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SERVO SECTION (Unless otherwise specified, recommended operating conditions apply.) 


PARAMETER CONDITIONS aan 


VREF Voltage Range Output | 


BURSTA/B Pin Output LATCHA/B = Low 
Voltage vs (DIN+) - (DIN-) Veurstas - VREF 
(DIN+) - (DIN-) 


LATCHAB = Low, 
(DIN+) = (DIN-) 


LATCHAIB = low 
(DIN+) = (DIN-) 


BURSTA/B Output Offset 
| Voltage, Veurst - VREF 


BURSTA - BURSTB Output 
Offset Match 


Output Resistance, 
BURSTA/B, PES 


PES Pin Output Offset Voltage 


fas 
< 


_ Veursta - VaurstB +VREF 
(DIN+) = (DIN-), 


LATCHA/B =Low be 


HOLDA/B Discharge Current RST = low, 


HOLDA/B Leakage Current RST = RST = high, 
LATCHA/B = high 


Load Resistance, Resistors to VREF 10.0 
BURSTA/B, PES 


Load Capacitance, 
BURSTA/B, PES 


_ LATCHASB pin set up time TDS1, Figure 14 


LATCHA/B pin Hold Time TDS2, Figure 14 xs 
Channel A/B Discharge RST high > low = 


- Current Turn On time 


Channel A/B Discharge RST low — high 
Current Turn Off time 


SYNCHRONIZER SECTION 


pe) 
O° — = | 
oS uo oko) 
+ 
ond, 
oO 
= 
< 


WRITE MODE (See Figure 9) 


PARAMETER CONDITIONS } MIN | = MAX | 


TWD, Write Data Pulse Width CL < 15 pF (TORC/2)-12 | (TORC/2)+12 


-1.65TPCO | -1.65 TPCO 
TFWD, Write Data Fall Time 2.0V to 0.8V, CLs 15 pF 


-TPC -TPC 
TSWD, Write Data Input Setup Either edge of WDI to 
Time either edge of RRC 


-12 
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WRITE MODE (continued) 


PARAMETER CONDITIONS | MIN | MAX — | UNIT 
THWD, Write Data Input Hold Either edge of RRC 3 

Time to either edge of WDI 

TSP, Early*/Late* Input Setup Falling edge of Early*/Late” 15 

Time to either edge of RRC 

THP, Early*/Late* Input Hold Rising edge of Early*/Late* 10 

Time to either edge of RRC 

TPC, Precompensation Time TPCO = 0.155 Rp Cp 0.8TPCO 1.2TPCO 

Shift Magnitude Accuracy Rp = 1K to 2K 


READ MODE 


CONDITIONS | MIN 
O8Vt020V,CL<15pF of 
20Vt008V,CL<15pF | | 
( =) 
TPSRD, SRD Output 


TORC/2)-12 
0.8V to 2.0V, CL< 15 pF 
Setup/HoldTime 


1/4 Cell + Retriggerable TD = 5.0 (RR +1.2) 

One-Shot Delay” + 0.154 Rd (Cd +Cs)** ns 
RR in kQ, Rd in kQ, Cd in pF 
Cd = 68 pF to 100 pF 


1/4 Cell + Retriggerable 4.5V < VPA2 < 5.5V 
One-Shot Detect Stability 


*Excludes External Capacitor and Resistor Tolerances. ** Cs = Stray Capacitance 
WINDOW SYMMETRY CONTROL CHARACTERISTICS 


PARAMETER CONDITIONS 
TWSS WSO, WS1, WSD 


Set Up Time 


TWSH WSO, WS1, WSD 
Hold Time 
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DATA SYNCHRONIZATION 


PARAMETER | CONDITIONS 


~ UNIT 


TVCO VCO Center Frequency | VCOIN=2.7V -0.8TO 1.2TO 
Period TO = TBD 
VPA2 = 5.0V 


VCO Frequency 
Dynamic Range 


KVCO VCO Control Gain 


wo = 2n/ TO 0.14 wo 
1.0V < VCO IN < VPA2-0.6V 


KD Phase Detector Gain KD = 0.62 / (RR+500) 0.83 KD 
VPA2 = 5.0V, Input = 3T Sync Field 
KVCO x KD Product 
Accuracy 


. VCO Phase Restart Error 
Decode Window 
Centering Accuracy 
Decode Window | ero rca -2 
TS1 Decode Window Time TS1 = 0.015 TORC 0.8TS1 
Shift Magnitude WSO = 0; WSI = 1 -0.5 
TS2 Decode Window Time TS2 = 0.06 TORC 0.8 TS2 
Shift Magnitude WSO = 1; WSI = 0 
TS3 Decode Window Time TS3 = 0.075 TORC 0.8TS3 


Shift Magnitude WSO = 0; WSI = 0 
0.65 TSA 


TSA Decode Window Time 
Shift Magnitude 


* Not directly testable; design characteristics 


Sin 


1.17 KD A/rad 


’ 


+ (0.01 
TORC +2 
1.2 TS1 
+0.5 
1.2 TS2 
1.2TS3 


1.35 TSA 


1.0V < VCO IN < VPA2-0.6V +27 
VPA2 = 5.0V 
-28 
) 


+ %o 
) 


hy 
TSWD THWD 


FIGURE 9: Write Mode Timing | 
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TPSRD TPSRD 


aes 


TRSRD —p}  ft— —>|  — TFsAp 


FIGURE 10: Read Mode Timing 


1.5V 1.5V 


-Twss >|-TWsH >| 


1.5V 


FIGURE 11: Window Symmetry Control Timing 


FIGURE 12: RRC Timing 
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rE Ot Sl apa eae ae ye or 


+0.5 V 

+0.25 V 

(DIN+) — (DIN-) OV 
-0.25 V 

-0.5V 


VLATCHA 


VRSTA 


VLATCHB 


Tds3 
VrsTB 


A CHANNEL 
DISCHARGE CURRENT 
B CHANNEL 
DISCHARGE CURRENT 
VREF+TBD V 


VBURSTA 


VREF V 


VBURSTB 
VREF+TBD V 


VREF V 


FIGURE 14: Servo Read Mode Timing 
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APPLICATIONS INFORMATION 


The SSI 32P548 PLL uses a new architecture which 
incorporates an accurate quarter Cell delay circuit. The 
standard architecture of a data synchronizer PLL is 
shown in Figure17A. In read mode, the rising edge of 
the quarter cell delay enables the phase detector, and 
the falling edge is locked to the VCO. Ideally, the 
quarter cell delay enables the phase detector one half 
of an encodedbit cell time before the phase comparison 
takes place. A data bit could then shift early or late by 
one half of an encoded bit cell time before a phase 
detector output error would occur. If the quarter cell 
delay is not exactly one half of an encoded bit cell time, 
a phase detector error will occur when the read data 
shifts by an amount that is smaller than one half of and 
encoded bit cell time when shifting in one direction and 
an amount larger than one half of an encoded bit cell 
time in the other direction. In addition, when an error 
occurs, the resulting charge pump output goes from 
maximum output one way to maximum output the other 
way. This can cause loss of lock to occur. The timing is 
shown in Figure 18. 


The 32P548 achieves an accurate quarter cell delay 
time by using the VCO control voltage to compensate 
the quarter cell delay one-shot circuit for process, 
temperature and power supply induced timing 
variations. The modified architecture of the 32P548 
data synchronizer is shown in Figure 19B. Because the 
quarter Cell delay timing is adjusted by the VCO contro! 
voltage, there is an effect on the PLL transfer function 
due to the new quarter cell delay circuit. 


The quarter cell delay circuit produces a time delay 
output in response to a voltage input. In orderto include 


SSI 32P548 
Pulse Detector & 
Data Synchronizer 


where: 
K, = VCO gain 
a, = VCO center frequency (rad/s) 
f, = VCO center frequency (Hz) 
T, = VCO center frequency (sec) 


For the quarter cell delay, 
_9q,_ 2m, dT, _ 


oT av TS) dV 


dw 
aT,—*= 
° dV 


a —~aT,K, 
Q, = Phase due to quarter cell delay circuit 
T, = VCO center frequency period 
T, = Quarter cell delay time 

a= T/T, = 0.5 for the 32P548 


The gain of the quarter cell delay block is constant in 
the 32P548, regardless of the values of other 
components. 


For the 32P548, the nominal value of K, is 0.177. 


PLL TRANSFER FUNCTION 


There are two modes of operation of the PLL, and two 
transfer functions. In write and idle modes, the PLL is 
locked to the reference oscillator, and the quarter cell 
delay does not enter into the transfer function. In read, 
mode, the PLL is locked to read data, and the quarter 
cell delay is included in the transfer function. In addi- 
tion, the effective loop gain of the PLL increases in idle 
mode due to the phase detector. This will be explained 
later in more detail. 


The transfer functions for read and idle modes are 
given in (3) and (4), respectively. 
(3) 


this function in a phase-locked loop, the time delay nKoK gF(s) 
function must be converted into a phase function. This 8 (s) a 
is straightforward, since a time delay is equivalent to a “@(S) nKoK qF(s) 
phase angle. The equivalent phase representation of (8) 44 nk TKgF(s) +o) 
the quarter cell delay is derived below. 
For the VCO: — da, (1a) eS mont) (4) 

07 Ty i es ee 

dV 6r(s) i. NKoK dF(s) 
(1b) S 
oT _df1]|___1 dfo __ 72dfo_ To dwo 
dV VI fo foe dV OC dv 2n dV 
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where: 
Ky = Quarter cell delay one-shot gain 
= VCO gain 
Ky = Phase detector gain 
F(s) = Loop filter transfer function 
n = Ratio of input freq. to reference freq. 
In (3) the K term in the denominator is a result of the 
quarter cell delay. Substituting Ky = aKoTo into (3), 
NnKoKgF(s) 
Q5(S) _ S 
6r(S) 1+(1-saTo) Ora) 


The additional —saTo term in the denominator due to 
the quarter cell delay introduces positive feedback. 
However, the gain of the positive feedback is always 
less than one, so there is no instability. The additional 
term is not always negligible, and must be taken into 


For loop filter (a), C is normally chosen to be much 
smallerthan C so that it does not affect the loop transfer 
function significantly. Assuming the C » C and sRC « 1 
at the frequencies of interest, (6) reduces to: 


sR4C4+1 (8) 
Fa(s)=—Se 


For loop filter (b), C is normallly chosen to be much 
smaller than C, so that it does not affect the loop 
transfer function significantly. Assuming the C » C and 
that SRC « 1 at the frequencies of interest, (7) reduces 
: SR1C4+1 
aed hl I (9) 
s)= 
Fo(S)= Sg. 
Equations (8) and (9) are the same, and either loop 
filter may be used. Substituting (8) into (3) gives: 
(10) 


nKoKg (sR4Cy+1) 


90(S) _ Cy (1- aTgnKgKgR3) 


account in the loop analysis and design. i 
Or (S) gen. 


nKgKg 


| ws SUNOS fOr) 2 RON 8 
Two loop filter configurations, shown in Figure 15, will 1- aTonKgKgRy : Cy ) C4(1-aTonKgKgR1) 


be considered. Both filters result ina second order type 
2 loop transfer function, with ony minor differences in 
the loop equation. 


Ry 


Ry | Co 
Cy 


FIGURE 15: Loop Filter 


The transfer function of the loop filter for a charge- 
pump PLL is the transimpedance, VO; (s), where V,, (Ss) 
is the output voltage, and |; (s) is the input Current. The 
transfer functions of (a) and (b) are given by: 


SR4C4+1 (6) 


Fa (s)= C,Ce 
s(C4+Co (sr C14Co 4 


SR1(C1+Co)+1 (7) 


pele sC(sRy C2+1) 
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This is in the form of a standard second order transfer 
fucntion. The denominator has the form: 


D(s) = S2 + 2€@,S + @)2 (11) 


¢ = damping factor 
@, = natural frequency 


where: 


The damping factor and natural frequency of (10) can 
be extracted: 


On Cy (1—arTonK oKgRs) 


alo (1 3) 


R, alo , 
t= Cy nKgKgCy 
2 1- alTonKgKgRy 


Substituting (8) into (4) gives the transfer function for 
idle mode: 


Q9(S) _ Cy ea, 


(8) 52 +8(nKgKgRy)+ ond 


Cy 
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Again, this is in the form of a second order transfer 
function. The damping factor and natural frequency are 
found to be: 
nKoK 15 
On = od (15) 
Cy 


16 
c= Ink RAC be 


To design the loop for proper read mode operation 
using (12) and (13), R, and C, must be found in terms 
of the damping factor and natural frequency. 


To do this, first find C/w,, then solve for R,C,. 
(17) 
2¢ 
RC =—+aTo 
On 
Substitute this value for R,C, into the equation for w, 


and solve for C,. 
(18) 


nKoKg 
2 


C1= +aTorkeKa{ 22. ao) 
On 


On 


Now that C, is known, R, can be found by dividing (17) 
through by C,,. 


Ry= (22. ao | (19) 


EXAMPLE 1 
Assume that the data rate is 10 Mbit/s, a3T preamble 


pattern is used, and that w, = 10° and € = 0.707 are 
desired. 


For the SSI 32P548: 
R, = 50/DR - 1.7 kQ 
K 0.17, = 21.4 = 10° 
K 0.62/(R,,+500) = 160 « 10° 
K, = 0.17n = 0.534 


Qa oO 


Due to the 3T preamble pattern, the input frequency is 
one third the VCO frequency, so n = 1/3. 

@, = 2n(2°10’),a=0.5, and T, = 1/(20+ 10°) =50ns 
C, = 1160 pF + 41.9 pF = 1.21 nF 

R, = 1.20 kQ 
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The resulting loop filter is shown in Figure 16. 


Cy 
1.2nF Co 
Ry 120 pF 
1.2 kQ 
FIGURE 16 


The value of Cy, = C,/10 is chosen to damp out 
transients on the FILT pin and meet the requirement 
Co “ C,. 


When the loop locks to the reference oscillator in idle 
mode, the loop transfer function is given by (14), anda, 
and € are given by (15) and (16). R,; and C, from 
Example 1 can be substituted into these equations to 
find the resulting natural frequency and damping factor 
in idle mode. 


EXAMPLE 2 


When locking onto the reference oscillator, the input 
frequency is the same as the VCO frequency, so n=1. 
Using the values of R, and C, found in Example 1, the 
values of @, and € when locking to the reference 
oscillator are found to be: 

@, = 1.7 + 10° rad/s 

C = 1.23 
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LOOP 
FILTER 


FIGURE 17A: Standard Configuration of a Data Synchronizer Phase-Locked Loop 


PHASE DETECTOR 


LOOP 
FILTER 
F(s) 


FIGURE 17B: Phase-Lock Loop System Representation 


IDEAL REAO 
DATA PULSE 
ACTUAL READ 


DATA PULSE 


QUARTER CELL 
DELAY OUTPUT 


tlo 

PHASE DETECTOR 
OUTPUT ' 

to 


FIGURE 18A: Phase Detector Timing with Ideal Quarter Cell Delay. For an ideal pulse (1), there is no phase 
detector output. When a pulse is shifted late (2) or early (4) by less than the quarter cell delay time, the phase 
detector output is negative or positive, respectively. When the read data is shifted late (3) or early (5) by more than 
the quarter cell delay time, a phase detector output polarity error occurs. In this case, the output polarity becomes 
positive for a late shifted pulse and negative for an early shifted pulse. 
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READ DATA | | | | | 
QUARTER CELL | | | | | 
DELAY OUTPUT 


PHASE DET. 
ENABLE 


CASE 1: DELAY OUTPUT IS EXACTLY CASE 2: DELAY OUTPUT IS GREATER THAN CASE 3: DELAY OUTPUT IS LESS THAN 
¥, BIT CELL. Ty = Tp ¥, BIT CELLTIME. Ty < Tp \Y, BIT CELLTIME. Ty > To 


FIGURE 18B: Timing of Phase Detector Enable Logic. The read data input pulse can shift to the left by T1 and 
to the right by T2 before an error occurs in the phase detector output polarity, If the quarter cell delay output is not 
exactly 1/4 bit cell wide, then T1 # T2, as shown in cases 2 and 3. 
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FIGURE 19B: Modified Data Synchronizer System Representation 
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PACKAGE PIN DESIGNATIONS 
(Top View) 
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DESCRIPTION FEATURES 


The SSI 32P5481/5482 is a low power, high e Highly Integrated Pulse Detector and 
performance Pulse Detection, Data Synchronization Data Synchronizer 


combination device. This device is designed for use in 
low power applications requiring +5V only power ° +5V only Power Supplies 
supplies. The pulse detection portion of this device 

detects and validates amplitude peaks in the output ° Low Power <500 mW (max) 
from a disk drive read amplifier, as well as detecting , 
embedded servo information to provide position signals 
used for read head positioning. The data © DualServo Burst Channels with Position Error 
synchronization portion is a2, 7 data synchronizer with Signal 

window shift. The SSI 32P5481/5482 also provides 

write precompensation function. The SSI 32P5481/ ° Low Pulse Pairing (< +1 ns) 

5482 achieves low system operating power three ways, 
with a low operating power (+5V only design) and with 
two independent power down modes. Mode 1 is a 
complete shutdown or sleep mode. Mode 2 is a low 
power mode for use while acquiring servo, where all 
Circuitry not associated with obtaining servo information 
is powered down. The SSI 32P5481/5482 is available 
in a 52-pin fine pitch QFP, and 68-pin PLCC. 


Dual Power Down Modes 


° 8-16 Mbit/s operation 


BLOCK DIAGRAM 


COUT 
DOUT 
RO 
XTAL1 
XTAL2 
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1 
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FULL WAVE |: 
ECTIFIER |: 


tenn) PPEEPIORTEBO CRIS PREG 0d BC recess ape SYNCHRONIZER 
NESO | REFERENCE Jf fo 


1191 - rev. 5-27 


SSI 32P5481/5482 
Pulse Detector & 
Data Synchronizer 


CIRCUIT OPERATION 
PULSE DETECTOR SECTION 


READ MODE 


Inread mode the SSI 32P548 1/5482 is usedto process 
either data or servo signals. Inthe Data Read Mode the 
input signal is amplified and qualified using an AGC 
amplifier and pulse level qualification of the detected 
signal peaks. In the servo read mode the input signal 
is amplified and rectified. Two servo burst channels are 
available that provide A and B burst levels. 


DATA READ MODE 


An amplified head output signal is AC coupled to the 
IN+ and IN- pins of the AGC amplifier. Gain control is 
accomplished by full wave rectifying and amplifying the 
[(DIN+)-(DIN-)] voltage level and comparing it to a 
reference voltage level at the AGC pin. 


The SSI 32P5481/5482 contains a dual rate attack 
charge pump. The value of the attack current is depen- 
dent on the instantaneous level at DIN+. For signal 
levels above 125% of the desired level a fast attack 
mode is invoked that supplies a 1.3 mA charge current 
to the network on the BYP pin. Between 125% and 
100% of the desired level the circuit enters a slow 
attack mode and supplies 0.18 mA of charge current to 
the BYP pin. 


Two decay modes are available and are automatically 
controlled within the device. 


Upon a switch to write mode, the device will hold the 
gain at its previous value. When the device is then 
switched back to read mode the AGC holds the gain 
and stays in a low impedance state for 0.9 us. It then 
switches into a fast/slow attack mode if the new gain 
required is less than the previously held gain or a fast 
decay mode if the gain required is more than its 
previous value. The fast decay current is 0.12 mA and 
stays on 0.9 ps. After the 0.9 ps time period the device 
stays in a steady state slow attack, slow decay mode. 
The slow decay discharge current is 4.5 pA. 


The AGC pin is internally biased so that the target 
differential voltage input at DIN+ is 1.0 Vp-p under 
nominal conditions. The voltage on this pin can be 
modified by tying a resistor between AGC and GND or 
VPA. A resistor to GND decreases the voltage level, 
while a resistor to VPA increases it. The resulting AGC 
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VRext 
Rint + Rext 


VAGC = (5—V) Rint +V 


VaAGcC = 
Rint + Rext 


FIGURE 1: AGC Voltage 
voltage level is shown in Figure 1; where: 
V = Voltage at AGC w/pin open (1.0V, nom) 
Rint = AGC pin input impedance (3.91 kQ, typ) 
Rext = External resistor 


The new DIN + input target level is nominally 1.0 Vp-p/ 
VAGC. 


The maximum AGC amplifier output swing is 3.0 Vp-p — 
at OUT+, which allows for up to 8dB loss in any external 
filter between OUT= and DIN+. 


AGC gain is a linear function of the BYP-pin voltage 
(VBYP) as shown in Figure 2. 


Gain V/V 


80 


Slope = 120/V nominal 


2.45 
VBYP (Volts) 


FIGURE 2: AGC Gain 


The AGC amplifier has an open collector output and 
can sink 6.0 mA. For correct operation to the gain 
range the outputs should be pulled up to VPA through 
a 340 resistor as shown in Figure 3. 


DIN-/CIN- DIN+/CIN+ 


FIGURE 3: AGC Filter 
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Inthe 52-pin package configuration CIN+ and DIN+ will 
be bonded together, likewise CIN- and DIN- will be 
bonded together. In this situation one filter must be 
used for both time and amplitude channels. A multipole 
Bessel filter is typically used for its linear phase or 
constant group delay characteristics. 


Inthe amplitude channel the signal is sent to a hyster- 
esis comparator. The hysteresis threshold level is set 
so that it will be tripped only by valid signal pulses and 
not by baseband noise. It can be fixed levelora fraction 
of the DIN+ voltage level. 


The latter approach is accomplished by using an exter- 
nal filter/network between the LEVEL and HYS pins. 
This allows setting the AGC slow attack and decay 
times slow enough to minimize time channel distortion 
and setting a shorter time constant for the hysteresis 
level. The LEVEL pin output is a rectified and amplified 
version of DIN+, 1.0 p-p at DIN+ results in 1.0 Vo-p 
nominally, at the LEVEL pin. A voltage divider is used 
from LEVEL to ground to set the Hysteresis threshold 
at a percentage of the peak DIN+ voltage. For example, 
if DINt is 1.0 Vp-p, then using an equal valued resistor 
divider will result in 0.5 Vpk at the HYS pin. This will 
result inanominal+0.18V threshold ora36% threshold 
of at0.500V DIN+ input. The capacitor is chosen to set 
an appropriate time constant. This “feed forward” tech- 
nique speeds up transient recovery by allowing quali- 
fication of the input pulses while the AGC is still settling. 
This helps in the two critical areas of write to read and 
head change recovery. Some care in the selection of 
the hysteresis level time constant must be exercised so 
as to not miss pattern (resolution) induced lower am- 
plitude signals. The output of the hysteresis comparator 
is the “D” input of a D-type flip-flop. The DOUT pinis a 
comparator output signal for testing purposes only. 


Inthe time channel the signal is differentiated to trans- 
form signal peaks to zero crossings which are detected 
and used to trigger a bi-directional one-shot. The one- 
shot output pulses are used as the clock input of the D 
flip-flop. The COUT pin provides the one-shot output 
for test purposes. 


The differentiator function is accomplished by an exter- 
nal network between the DIF+ and DIF- pins. The 
transfer function from CIN+ to the comparator input 
(not DIF+) is: Cs 


Ta ae ree 
LCs°+C(R+92)s+1 


where: C,L, R are external passive components 
15 pF <C < 125 pF 
S=j@ = j2zf 
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During normal operation, the time channel clocks the D 
flip-flop on every positive and negative peak of the 
CIN+ input. The D input to the flip-flop only changes 
state when the DIN+ input exceeds the hysteresis 
comparator threshold opposite in polarity to the previ- 
ous threshold exceeding peak. 


The time channel, then, determines signal peak timing 
and the amplitude channel determines validity by 
blocking signal peaks that do not exceed the hysteresis 
comparator threshold. The delays in each of these 
channels to the D flip-flop inputs are well matched. 


SERVO READ MODE 


A position error signal (PES) is generated based onthe 
relative amplitude of two servo signals, BURST A and 
BURST B. 


Rectified servo signal peaks are captured on hold 
Capacitors at the HOLDA/B pins. This is accomplished 
by pulling LATCHA or LATCHB low for a sample pe- 
riod. Additionally, a hold capacitor discharge current of 
up to 1.5 mA can be turned on by pulling RSTA/RSTB 
low. 


Outputs BURSTA/B and PES are referenced to an 
internal reference supplied by the VREF pin. 


WRITE MODE 


In Write Mode the SSI 32P5481/5482 Pulse Detector 
section is disabled and preset for the following Read 
Mode. The digital circuitry is disabled, the input AGC 
amplifier gain is held at its previous value and the AGC 
amplifier input impedance is reduced. 


Holding the AGC amplifier gain and reducing input 
impedance shortens system Write to Read recovery 
times. 


The lowered input impedance improves settling time 
by reducing the time constant of the network between 
the SSI 32P5481/5482 and a head preamplifier such 
as the SSI 32R1200R. Write to read timing is controlled 
to maintain the reduced impedance for 0.9 us before 
the AGC circuitry is activated. Coupling capacitors 
should be chosen with as low a value as possible 
consistent with adequate bandwidth to allow more 
rapid settling. 
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DATA SYNCHRONIZER SECTION 


The SSI 32P5481/5482 is designed to perform data 
synchronization in rotating memory systems which 
utilize a 2, 7 RLL and MFM encoding format. In the 
Read Mode the SSI 32P5481/5482 performs Data 
Synchronization, and Preamble Detect. In the Write 
Mode, the SSI 32P5481 performs write precompensa- 
tion. The interface electronics and architecture of the 
SSI 32P5481/5482 have been optimized for use as a 
companion device to the WD 42C22 controllers. 


The SSI 32P5481/5482 can operate with data rates 
ranging from 8 to 16 Mbit/s. This data rate is estab- 
lished by a single 1% external resistor, RR, connected 
from pin IREF to VPA2. This resistor establishes a 
reference current which sets the VCO center fre- 
quency, the phase detector gain, andthe 1/4 cell delay. 
The value of this resistor is given by: 


RR = 75.5/DR — 2 (kQ) 
Where: DR = Data Rate in Mbit/s 


An internal crystal reference oscillator, operating at. 


twice the data rate, generates the standby reference 
for the PLL. A series resonant crystal between XTAL1 
and XTAL2 should be selected at twice the Data Rate. 
lfacrystaloscillatoris not desired, then an external TTL 
compatible reference may be applied to XTAL1, leav- 
ing XTAL2 open. 


The SSI 32P5481/5482 employs a Dual Mode Phase 
Detector; Harmonic in the Read Mode and Non-Har- 
monic in Write and Idle Modes. In the Read Mode the 
Harmonic Phase Detector updates the PLL with each 
occurrence of a DLYD DATA pulse. In the Write and 
Idle Modes the Non-Harmonic Phase Detector is con- 
tinuously enabled, thus maintaining both phase and 
frequency lock. By acquiring both phase and frequency 
lock to the crystal reference oscillator and utilizing a 
zero phase restart technique, false lock to DLYD DATA 
is eliminated. 


The phase detector incorporates a charge pump in 
order to drive the loop filter directly. The polarity and 
width of the output current pulses correspond to the 
direction and magnitude of the phase error. Figure 4 
depicts the average output current as function of the 
input phase error (relative to the VCO period.) 


The READ GATE (RG), and WRITE GATE (WG), 
inputs control the device mode as describedin Table 1. 
RG is an asynchrouous input and may be initiated or 
terminated at any position on the disk. WG is also an 
asynchronous input, but should not be terminated prior 
to the last output Write Data pulse. 


READ OPERATION 


The Data Synchronizer utilizes a fully integrated fast 
acquisition PLL to accurately develp the decode win- 
dow. Read Gate, RG, initiates the PLL locking se- 
quence and selects the PLL reference input; a high 
level (Read Mode) selects the Read Data input and low 
level selects the crystal reference oscillator. 


In the Read Mode the rising edge of DLYD DATA 
enables the Phase Detector while the falling edge is 
phase compared to the rising edge of the VCO. As 
depicted in Figure 2, DLYD DATA is a 1/4 cell wide 
(TVCO/2) pulse whose leading edge is defined by the 
leading edge of Read Data. RRC is generated from the 
rising edges of the VCO clock. By utilizing a fully 
integrated symmetrical VCO running at twice the data 
rate, RRC is insured to be accurate and centered 
symmetrically about the falling edges of DLYD DATA. 
The accuracy of the 1/4 cell delay only affects the 
retrace angle of the phase detector and does not 
influence the accuracy of RRC. 


Shifting the symmetry of the VCO clock effectively 
shifts the relative position of the DLYD DATA pulse 
within the decode window. This powerful capability 
easily facilitates defect mappings, automatic calibra- 
tion, window margin testing, error recovery, and sys- 
tematic error cancellation. For enhanced disk drive 
testability and error recovery, decode window controlis 
provided via a uP port (WSL, WSD, WSO, WS1) as 
described in Table 2. In application not utilizing this 
feature, WSL should be left open or connected to 
VPA2, while WSD, WSO, and WS1 can be left open. 


Window shifts in the range of 1.5% to 7.5% of TORC 
are easily programmed by latching the appropriate 
control word into the Window Shift Register with the 
WSL pin. Shifts in the positive or negative directions 
result in early or late decode windows respectively, as 
depicted in Figure 6. Additionally, for small systematic 
error cancellation, a resistor, R, connected from either 
RS (Early) or RF (Late) to ground will provide analog 
control over the decode window. The magnitude of this 
shift, TSA is determined by: 
TSA=0.1 25TORC| 1 

Where: R is in Q 


Pins RF and RS are intended to be used as a trim and 
should be restricted to +1.5% window shifts. They can 
be used in conjunction with the digital control port. 


790+R 
1450+R 
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In Non-Read Modes, the PLL is locked to the crystal 
reference oscillator. This forces the VCO to run at a 
frequency which is very close to that required for 
tracking actual data and thus minimizes the associated 
frequency step during acquisition. When RG transi- 
tions, the VCO is stopped momentarily, then restared 
in an accurate phase alignment with the next PLL 
reference input pulse. By minimizing the phase align- 
ment in this manner (phase error < 0.5 rads), the 
acquisition time is substantially reduced. 


PREAMBLE DETECTION 


Preamble detection timing is set by the sum of the 1/4 
cell delay and the retriggerable one-shot delay. 
The 1/4 celltiming capacitor is included on-chip and its 
timing is externally set by resistor RR. The retriggerable 
one-shot timing is externally set by resistor Rd and 
capacitor Cd. 


TOS = 0.1 * RD * (Cd +Cs) nsec, where Rd is inkQ, Cd 
is in pF. Cs = stray capacitance. 


The sum of their delays is set to exceed the preamble 
bit spacing. Therefore, a continuous stream of input 
pulses at the preamble pulse rate keeps the SDO high, 
and a longer bit cell time input period allows the one- 
shot to time out producing a low at SDO. 


TABLE 1: Mode Control 


N2 
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WRITE OPERATION 


Write precompensation circuitry is provided to com- 
pensate for media bit shift caused by intersymbol 
interference. The magnitude of the time shift, TC, is 
determinded by an external R-C network on the PCS 
pin given by: 


TC = TBD Rp Cp 


Direction of the time shift is determined by the state of 
the EARLY and LATE inputs. 


POWER DOWN MODE 


Two power down modes are provided to reduce power 
usage during the idle periods. Taking PDWN1 low 
causes the device to go into complete shutdown, and 
taking the PDWN2 pin low shuts down all functions not 
required for servo aquisition. 


MODE CONTROL 


The SS! 32P5481/5482 circuit mode is controlled by 
the SLEEP, SERVO, HOLD, RG, and WG pins as 
shown in Table 1. 


Read Mode VCO Locked to XTAL 


Read Mode VCO Locked to Read Data 
Read Mode AGC gain held constant* 


Write Mode AGC gain held constant 
Input impedance reduced 


Power Down 1 - Power shutdown mode 


Power Down 2 - Servo mode 


* AGC gain will drift at a rate determined by BYP and Hold mode discharge current. 
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Note: Positive denotes alate shift, negative denotes an 
early shift. A late shift in the window increases the late 
(right) margin and decreases the early (left) margin. 


TABLE 2: Decode Window Symmetry Control 


AVERAGE 
AVERAGE OUTPUT CURRENT 


OUTPUT CURRENT <a 


@ ERROR - @ ERROR 


a) HARMONIC MODE b) NON-HARMONIC MODE 


Note 1) lo is the magnitude of the charge pump current. 
2) Phase error is relative to the VCO period 


FIGURE 4: Phase Detector Transfer Function 
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FIGURE 5: Data Synchronization Waveform Diagram 


RRC RRC 
(DECODE (DECODE 
WINDOW) WINDOW) 
(a) EARLY (b) NORMAL (c) LATE 


FIGURE 6: Decode Window 
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PIN DESCRIPTION 


~< 


o) fe) 


PE | DESCRIPTION 


Analog (+5V) power supply for pulse detector. 
Analog ground pin for pulse detector block. 

Analog (+5V) supply pin for data synchronizer block. 
Analog ground pin for data synchronizer block. 
Digital (+5V) power supply pin. 

Digital ground pin. 

Analog signal input pins. 


Read path AGC Amplifier output pins. Open collector output, external pull- 
up resistors should be added between these pins and VPA1. 


Analog input to the hysteresis comparator. 
Analog input to the differentiator. 
Pins for external differentiating network. 


Test point for monitoring the flip-flop clock input. Forcing this pin above 
4.5V activates a test mode in which the DOUT pin becomes the input to 
the data synchronizer. 
Test point for monitoring the flip-flop D-input. In the special test mode 
which is controlled by COUT, this pin is the input to the data synchronizer. 


Test point for ECL like read data prior to input to the data synchronizer. 
This is a TTL level signal which is active during SERVO, READ, and IDLE 
modes. 


An AGC timing capacitor or network is tied between this pin and AGND1. 


VPA1 

AGND1 
VPA2 
AGND2 

VPD 

DGND 

IN+, IN- 
OUT+, OUT- 


DIN+, DIN— * 
CIN+, CIN— * 
DIF+, DIF— 
COUT 


DOUT 


BYP 


AGC Reference: the voltage on this pin determines the reference voltage 
for the read data AGC loop. 


LEVEL Open emitter output from fullwave rectifier that may be used for input to 


the hysteresis comparator. 
Hysteresis level setting input to the hysteresis comparator. 
L compatible pin that holds the AGC gain when pulled low. 


TTL compatible inputs that switch channel A or B into peak acquistion 
mode when low. 


TTL compatible input that enables the discharge of channels A & B hold 
Capacitors when held low. 


Hold capacitor discharge current magnitude is controlled by a resistor 
from this pin to VPA1 or GND1. If left open the default current is 1.5 mA. 


Peak holding capacitors are tied from each of these pins to AGND1. 
Reference voltage for Servo outputs. 
Buffered hold capacitor voltage outputs. 


> 
G) 
i 


HYS 
HOLD 
LATCHA, LATCHB 


4 


Be) 
Y 
a 
me) 
4 
> 
Be) 
NY 
= 
ee) 

* 

» 


2) 


S*** 


HOLDA, HOLDB 
VREF | 
BURSTA, BURSTB 


*In 52-pin package CIN+ will be internally bonded to DIN+, CIN- will be internally bonded to DIN-. 
**RSTA and RSTB will be internally bonded to RST in 52-pin package, and separately bonded out in 68-pin package. 
***Not available in 52-pin package. 


5-34 


1191 - rev. 


SSI 32P5481/5482 
Pulse Detector & 
Data Synchronizer 


PIN DESCRIPTION (Continued) 


TYPE | DESCRIPTION 


Position error signal, A minus B output, offseted by VREF. 
Low state on this pin puts the device in a low power “off” state. 
Low state on this pin disables all circuitry not required for use during Servo mode. 


Crystal oscillator connections: if a crystal oscillator is not desired, XTAL1 may be 
driven by a TTL source with XTAL2 open. 


Timing program pin: the VCO center frequency, Phase Detector Gain andthe 1/4 cell 
delay are a function of the current source into pin IREF. The current is set by an 
external resistor, RR connected from IREF to VPA2. 


Filter pin: the phase detector output and VCO input node. The loop filter is connected 

_to this pin. 
Synchronized Read Data: TTL read data that has been re-synchronized to read 
Clock. 


Window Symmetry Direction: TTL compatible input controls the directions of the 
optional window symmetry shift. Pin WSD has an internal resistor pull-up. 


Window symmetry control bit: TTL compatible input, a low level introduces a window 
shift of 1.5% TORC (read reference clock period) inthe direction established by WSD 
pin. 

Window Symmetry Control bit: TTL compatible input, a low level introduces a window 
shift of 6% TORC (read reference clock period) in the direction established by WSD. 
A low level at both WSO and WS1 will produce the sum of the two window shifts. 


Window Symmetry Latch: used to latch the input window symmetry control bits WSD, 
WSO, WS1 into the internal DAC. An active low level latches the input bits. 


WINDOW SYMMETRY ADJUST PINS: Provides analog control over the decode 
window symmetry; typically used to null out any window symmetry offset. A resistor 
connected from either RF or RS to AGND will provide magnitude and direction 
control. They canbe used in conjunction with the digital control port WSD, WSO , WS1. 


Read/Reference Clock: a multiplexed clock source used by the controller. Inthe read 
mode, this clock is the VCO frequency divided by two (1/TORC) andinthe write mode | 
itis the crystal reference frequency divided by two (1/TORO). No short clock pulses 
are generated during a mode change. 


Sync Detect Set: used to program the preamble detect timing with an external RC 
Network. Connect the capacitor, Cd to VPA2 and the resistor, Rd, to AGND2. 


Read gate: TTL compatible input selects the PLL reference input and initiates the | 
PLL synchronization sequence. A high level selects the internal RD+ inputs. A low 
_level selects the crystal reference oscillator, Pin RG has an internal resistor pull-up. 


Write Gate: TTL compatible input enables the write mode. Pin WG has an internal 
resistor pull-up. 


sync Detect Output: an active high output that indicates successful detection of the 
preamble sync field. 


*Not available in 52-pin package. 
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WDI 

WD 

PCS 
EARLY 
LATE 
VCO CLK’ 


PARAMETER RATING UNIT 
a ee 


PIN DESCRIPTION (Continued) 


TYPE | DESCRIPTION | 
Pes Write Data Input, active high TTL compatible input. | 
EO. Write Data: encoded write data output, active low. 
* Not available on 52-pin package 


Precomp Set: used to set the magnitude of the write pre-compensation time shift via 
an external capacitor, Cp to VPA2 and an external resistor, Rp to AGND2. 


Early pin: TTL compatible input shifts Write Data pulses earlier in their relative 
position; EARLY and LATE cannot be active simultaneously. 


Late Pin: TTL compatible input shifts Write Data pulses later in their relative position. 
LATE and EARLY cannot be active simultaneously. 


DELAYED READ DATA/PLL REFERENCE: An open emitter ECL output test point. 
The positive edges of this signal indicate the data bit position. The positive edges of 
DRD and VCO CLK can be used to estimate window centering. The time jitter of 
DRDs positive edge is an indication of media bit shift. Two external resistors are 
required to observe this signal. They should be removed during normal operation for 
reduced power dissipation. This pin is multiplexed so that when RG is high, DRD is 
output and when RG is low, the PLL reference oscillator is output. 


VCO CLK: Anopenemitter ECL output test point. Two external resistors are required 
to perform this test. They should be removed during normal operation for reduced 
power dissipation. 


ELECTRICAL SPECIFICATIONS 


Recommended conditions apply unless otherwise specified. 


ABSOLUTE MAXIMUM RATINGS 
Operation outside these rating limits may cause permanent damage to this device. 


5V Supply Voltage, VPA1, VPA2, VPD 


Pin Voltage (Analog pins) -0.3 to VPA1,2+0.3 


Pin Voltage (All others) -0.3 to VPD + 0.3 V 

| | or+12 mA 
RECOMMENDED OPERATING CONDITIONS | 
Currents flowing into the chip are positive. 


Supply Voltage (VPA1, 2 & VPD) 4.75 5.25 
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POWER SUPPLY 
PARAMETER CONDITIONS 

IVPA1, 2 Supply Current Outputs unloaded; SLEEP, 
IVPD 


SERVO = high or open 
Pd Power dissipation Ta = 25°C, outputs unloaded 
SLEEP = low, 
Outputs unloaded 


SERVO = low, SLEEP = high 
Outputs unloaded 


LOGIC SIGNALS 
* Output load is a 4K resistor to 5V and a 10 pF capacitor to DGND. 


VIL Input Low Voltage 
VIH Input High Voltage 


VIL = 0.4V 
VIL = 0.4V 
VIH = 2.7V 
IOL = 4.0 mA 
IOH = -400 pA 


HL Input Low Current 
NL WG Input Low Current 
HH Input High Current 


VOL Output Low Voltage 
VOH Output High Voltage 


VIHX XTAL1 Input High 
Voltage 


VILX XTAL1 Input Low 
Voltage 


Test Poin Output High 
Voltage for DRD and 
VCO CLK 


VOLT _ Test Point Output Low 
Voltage for DRD and 
VCO CLK 


Input High Level Input 
Voltage at COUT pin. 


VTIL Input Low Level Input 
Voltage at COUT pin. 


Input High Level Input 
Voltage at DOUT pin. 


VOHT 


Activates sync test mode. 
VPA2 = 5.02V 


De-activates sync test mode. 
VPA2 = 5.0V 


Drives data synchronizer in 
in sync test mode. 
VPA2 = 5.0V 


VTIH 


RDIH 


RDIL Input Low Level Input 


Voltage at DOUT pin. 
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MODE CONTROL 


PARAMETER CONDITION 
TDRW Read to Write | WG pin low to high 
Transition Time . | 
TDWR_ Write to Read WG pin high to low 
Transition Time AGC setting not included 


TDH HOLD On to/from HOLD pin high to/from low 
HOLD Off Transition 
Time 


TDSL Power Shutdown Mode | Settling time of external 
to/from Read/Write Capacitors not included. 

delay time. XTAL1 driven by external 

TTL source. 


Can [ROR Tw 
EEE 
ae 


TDOFF Read/Write Mode to 
power shutdown mode 
delay time. 


TDSLX Power shutdown mode 
to/from Read/Write 
delay time. 


Servo mode to/from 
Read/Write delay time. 


2000 


1.0 
1.3 
1.0 
100 
0.9 
0.9 
READ MODE WG is low 
AGC AMPLIFIER 


Unless otherwise specified, recommended operating conditions apply. Input signals, 100 mVppd at 2.5 MHz, 
are AC coupled to INt. OUT= are loaded differentially with >340Q x 2, and each side is loaded with < 10 pF to 
AGND, and AC coupled to DIN+. A 2000 pF capacitor is connected between BYP and AGND. AGC pin is open. 


Settling time of external 
Capacitors not included 


Ss 
Including XTAL oscillator turn S 
on/off settling time 


TDSE 


PWIMS Low Input Impedance 
Pulse Width 


PWFDC Fast Discharge Pulse Follows the end of the IMS 
Width pulse. Not directly testable. 


us 
us 
us 
us 
us 
us 


GR Gain Range 1.0 Vp-p < (OUT+) - (OUT-) 
| < 3.0 Vp-p 


VOS Output Offset Voltage Over entire gain range 
Variation 


VOMX Maximum Output Set by BYP pin 


Voltage Swing 


RIN Differential Input (IN+) - (IN-) = 100 mVp-p 
Resistance @ 2.5 MHz 


CIN Differential Input (IN-+) - (IN-) = 100 mVp-p 
Capacitance @ 2.5 MHz 
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AGC AMPLIFIER (Continued) 


PARAMETER CONDITION 
ZCMH _ Single Ended Input WG = low, IN+ or IN- 


Impedance WG = high, IN+ or IN- 


V Input Noise Voltage Gain set to maximum 


N 
BW Bandwidth Gain set to maximum 
referenced to 2.5 MHz 


|OUT OUT+ & OUT- Pin No DC path to AGND 
Current 


CMRR _ Input Referred (IN+) = (IN-) = 100 mVp-p 
Common Mode @ 2..5 MHz, gain set to max 
Rejection Ratio 


Input Referred VPA1, 2 = 100 mVp-p 
Power Supply @ 2.5 MHz, gain set to max 
Rejection Ratio 


(DIN+) - (DIN-) Input 25 mVp-p < (IN+) - (IN-) 
Swing vs. AGC Input < 250 mVp-p, HOLD = high, 
0.5 Vp-p < (DIN+) - (DIN-) 
< 1.5 Vp-p 


(DIN+) - (DIN-) Input 25 mVp-p < (IN+) - (IN-) 
Voltage Swing < 250 mVp-p 
Variation 


VAGC AGC Voltage AGC open 
RAGC AGC Pin Input 
Impedance 


ISD Slow AGC Discharge (DIN+) - (DIN-) = 0V 
Current 


IFD Fast AGC Discharge Starts at 0.9 us after WG 
Current goes low, stops at 1.8 ps 
after WG goes low 


ILK AGC Leakage Current | HOLD = low 


ISC Slow AGC Charge (DIN+) - (DIN-) = 0.8 VDC, 
Current : vary AGC until slow charge 
7 begins 
IFC Fast AGC Charge (DIN+) - (DIN-) = 0.8 VDC, 
Current Vacc = 3.0V 


FSSP Fast to Slow Attack [(DIN+)- (DIN —)] 
Switchover Point [(DIN+)—(DIN—)] FINAL 
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AGC AMPLIFIER (Continued) 


PARAMETER | CONDITION UNIT 
= 


GD Gain Decay Time (Td) | (IN+) - (IN-) = 250 mVp-p to 


125 mVp-p @ 2.5 MHz, 
(OUT+) - (OUT-) to 90% final 
value 


(IN+) - (IN-) = 50 mVp-p to 
25 mVp-p at 2.5 MHz 
(OUT+) - (OUT-) to 90% 
final value 
WG = high to low 

(IN+) - (IN-) = 250 mVp-p 

@ 2.5 MHz, (OUT+) - (OUT-) 
to 110% final value 


TGA 


Gain Attack Time 


WRITE MODE WG is high 


PARAMETER CONDITION 
ZCML Common Mode Input 
Impedance 


HYSTERESIS COMPARATOR 
Unless otherwise specified, recommended operating conditions apply. Input (DIN+) - (DIN-) is an AC coupled, 
1.0 Vp-p, 2.5 MHz sine wave. 0.5 VDC is applied to the HYS pin. WG pin is low. 


IRHC Input Signal Range 


RHCD _ Differential Input (DIN+) - (DIN-) = 100 mVp-p 
Resistance @ 5 MHz 


CHCD _ Differential Input (DIN+) - (DIN-) = 100 mVp-p 
Capacitance @ 5 MHz | 


RHCC Single Ended Input 
Impedance (Both Sides) 
KLD Level Pin Output 0.6 Vp-p < 
Voltage vs. | < 1.5 Vp-p, 10kQ between 


(DIN+) - (DIN-) LEVEL and AGND1 


VLOS Level Pin Output 10kQ between TBD 
Offset Voltage LEVEL and AGND1 


ZLV Level Pin Output LEVEL = 0.2 mA 
Impedance 

ILMX Level pin Maximum 1.5 
Output Current | 


KHYS _ Hysteresis Voltage at’ | 03V<HYS<1.0V 
DIN+ vs. HYS Pin 
Voltage 
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HYSTERESIS COMPARATOR (Continued) 


PARAMETER 


IHYS 


HYS Pin Current 


VHCOS Comparator Offset 
Voltage 


VDOL 


VDOH 


DOUT Pin Output Low . 


Voltage 


DOUT Pin Output High 
Voltage 


ACTIVE DIFFERENTIATOR 


Unless otherwise specified, recommended operating conditions apply. Input (CIN+) - (CIN-) is an AC-coupled, 
1.0 Vp-p, 2.5 MHz sine wave. 100Q in series with 65 pF are tied from DIF+ to DIF-. 


IRAD 
RADD 


CADD 


RADC 


KAD 


IDIF 


Input Signal Range 


Differential Input 
Resistance 


Differential Input 
Capacitance 


Single Ended Input 
Impedance 


Voltage Gain from 
CIN to DIF+ 


DIF+ to DIF- Pin 
Current 


VADOS Comparator Offset 
Voltage 


COUT Pin Output Low 
Voltage 


VCOL 


VCOH 


PWC 
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COUT Pin Output High 
Voltage 


COUT Pin Output 
Pulse Width 


CONDITIONS 


O5V<HYS<15V 


HYS pin at AGND 
< 1.5 kQ across DIN+ 


5 kQ from DOUT to GND 


5 kQ from DOUT to GND 


(CIN+) - (CIN-) = 100 mVp-p 
@ 5 MHz 
(CIN+) - (CIN-) = 100 mVp-p 
@ 5 MHz 


Both sides 
3.5kQ from DIF+ to DIF- 


Differentiator impedance 
must be set so as not to clip 
the signal for this current 
level 


DIF+, DIF- are AC-coupled 
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| | 


; | _ Fast , Slow , 
Fast Slow Discharge Discharge 
Attack Attack 


Figure A: AGC Attack Sequence Figure B: AGC Decay Sequence 


FIGURE 7: AGC Timing Diagram 


~ QUALIFIER TIMING (See Figure 8) 


Unless otherwise specified, recommended operating conditions apply. Inputs (CIN+) - (CIN-) and (DIN+) - (DIN-) 
are in-place as a coupled, 1.0 Vp-p, 2.5 MHz sine wave. 100Q in series with 65 pF are tied from DIF+ to DIF-. 
0.5V is applied to the HYS pin. COUT, DOUT and RD has a5 kQ pull-down resistor (for test purposes only.) 
WG pin is low. | 


TD1 D Flip-Flop Set Up Minimum allowable time 
Time delay from (DIN+) - (DIN-) 
exceeding hysteresis 
point to (DIF+) - (DIF-) 
hitting a peak value. 


Propagation Delay from 
Positive Peak to RDO 
Pulse 

Propagation Delay from 
Negative Peak to RDO 
Output Pulse 


PP |TD3-TD4] Pulse Pairing 


TRDO RDO Pulse Width 
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+HYSTERESIS LEVEL 


V(CIN+) — (CIN-) 
and OV 


V(DIN+) — (DIN-) 
—-HYSTERESIS LEVEL 


VDOUT 


—>| Ta1 be— 


V (DIN+ — DIN-) 


DIFFERENTIATOR 
COMPARATOR OUTPUT 
VCOUT 

Td3 i. + Td4 


RD TEST PT 
OUTPUT 


FIGURE 8: Read Mode Digital Section Timing Diagram 


SERVO SECTION (Unless otherwise specified, recommended operating conditions apply.) 
PARAMETER | CONDITIONS 
VREF _ Reference Voltage 2.0 

Range Output 


KBD BURSTA/B Pin Output | LATCHA/B = Low 
Voltage vs Veurstas - VREF 
(DIN+) - (DIN-) (DIN+) - (DIN-) 


BVOS  BURSTA/B LATCHA/B = Low, 
Output Offset (DIN+) = (DIN-) 
Voltage, Vaurst - VREF 


BVM BURSTA - BURSTB LATCHA/B = low 
Output Offset Match (DIN+) = (DIN-) 

RO Output Resistance, 

BURSTA/B, PES 


1191 - rev. 5-43 


SSI 32P5481/5482 
Pulse Detector & 
Data Synchronizer 


SERVO SECTION (Continued) 
(Unless otherwise specified, recommended operating conditions apply.) 


PARAMETER CONDITIONS | MIN | 


VOPE PES Pin Output Offset | Veursta - Veursts +VREF 
Voltage (DIN+) = (DIN-), 
LATCHA/B =Low 


RST = low, 


IDC HOLDA/B Discharge 


Current 


HOLDA/B Leakage 
Current 


ILC RST = high, 
LATCHA/B = high 


Resistors to VREF 


+ 
+ 


(TORC/2)+12 
-1.65 TPCO 


re a 
ef 


0.8TPCO 
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RL Load Resistance, 
BURSTA/B, PES 


Load Capacitance, 
BURSTA/B, PES 


-10 
10.0 
STSU _—_ LATCHA‘SB Pin Set 150 
Up Time 
STH LATCHASB pin Hold 150 
Time | 


TDS2, Figure 14 
Channel A/B Discharge 


TDS1, Figure 14 


TDON 


RST high > low 
Current Turn On Time 
TDOFF Channel A/B Discharge} RST low — high 
| Current Turn Off Time | 


SYNCHRONIZER SECTION 


10 
0.5 
150 
150 


WRITE MODE (See Figure 9) 


PARAMETER CONDITIONS 


TWD Write Data Pulse Width CL < 15 pF 


TFWD Write Data Fall Time 


TSWD Write Data Input Setup 
Time 


THWD. Write Data Input Hold 

Time 

EARLY/LATE Input Setup 

Time 

THP EARLY/LATE Input Hold 
Time 


2.0V to 0.8V, CLs 15 pF 


Either edge of WDI to 
either edge of RRC 


Either edge of RRC 
to either edge of WDI ; 
Falling edge of EARLY/ 


LATE to either edge of RRC 


Rising edge of EARLY/ 
LATE to either edge of RRC 


Precompensation Time TPCO = 0.155 Rp Cp 
Shift Magnitude Accuracy| Rp = 1K to 2K 


TSP 


TPC 
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READ MODE 


wom waK 
Cs | 
a IE 

0.8V to 2.0V, CL< 15 pF 10 


TRSRD Read Data Rise Time 
20Vi008V,.CL<15pF | | | 8 


TFSRD Read Data Fall Time 


TPSRD SRD Output 
Setup/HoldTime 


TD 1/4 Cell + 1F Detect 
Delay, Excluding 

External Capacitor and 
Resistor Tolerances 


TD = 3.31 (RR +2Z) + 
0.1 * Rd (Cd + Cs) 
RR = 2.7k to 8k 
Rd = 10k to 20k 
Cd = 62pF to 100 pF 
Cs = stray capacitances 


Stability over temperature 
and supply 


TDS 1/4 Cell + 1F Detect 


WINDOW SYMMETRY CONTROL CHARACTERISTICS 


PARAMETER CONDITIONS 
TWSS WSO, WS1, WSD 

Set Up Time 
TWSH WSO, WS1, WSD 

Hold Time 


ten 


TSWD THWD 


FIGURE 9: Write Mode Timing 
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DATA SYNCHRONIZATION 


PARAMETER 


TVCO VCO Center Frequency | VCOIN = 2.7V 
Period TO = 6.621 (RR + 2) 
VPA2 = 5.0V TO (ns) RR (kzQ) 
2.7kQ < RR < 8kQ 


0. 
0) 
KD 


KD = 0.62 / (RR+527) 0.83 KD 
VPA2 = 5.0V, 2.7kQ < RR < 8kQ 


*KPA KVCO x KD Product -28 
Accuracy 


*PRE VCO Phase Restart Error 


DWCA Decode Window 
Centering Accuracy -2 


DW Decode Window (TORC/2) -2 


TS1 Decode Window Time TS1 = 0.015 TORC 
Shift Magnitude WSO = 0; WSI = 1 


TS2 Decode Window Time TS2 = 0.06 TORC 
Shift Magnitude WSO = 1; WSI = 


TS3 Decode Window Time TS3 = 0.075 TORC 
Shift Magnitude WSO = 0; WSI = 0 


TSA Decode Window Time 
Shift Magnitude 


* Not directly testable; design characteristics 


MISCELLANEOUS TIMNG 


| PARAMETER CONDITIONS 
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TPSRD TPSRD 


aes 


TRSRD —P| t— —>| l¢— TFSRD 


FIGURE 10: Read Mode Timing 


1.5V 1.5V 


|+-Twss ->|<-TWsH | 


1.5V 


FIGURE 11: Window Symmetry Control Timing 


FIGURE 12: RRC Timing 
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eee eee 


1.5V 
oo 


FIGURE 13: SDO Timing 


+0.5 V 

+0.25 V 

(DIN+) — (DIN-) OV 
-0.25 V 

-0.5 V 


VLATCHA 


VRSTA 


VLATCHB 


Tds3 
Vests 


ACHANNEL 
DISCHARGE CURRENT 


B CHANNEL 
DISCHARGE CURRENT 


VREF+TBD V 
VBURSTA 
VREF V 


VBURSTB 
VREF+TBD V 


VREF V 


FIGURE 14: Servo Read Mode Timing 
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APPLICATIONS INFORMATION 


The SSI 32P5481/5482 PLL uses a new architecture 
which incorporates an accurate quarter cell delay circuit. 
The standard architecture of a data synchronizer PLL 
is shown in Figure1 7A. In read mode, the rising edge of 
the quarter cell delay enables the phase detector, and 
the falling edge is locked to the VCO. Ideally, the 
quarter cell delay enables the phase detector one half 
of an encoded bit cell time before the phase comparison 
takes place. A data bit could then shift early or late by 
one half of an encoded bit cell time before a phase 
detector output error would occur. If the quarter cell 
delay is not exactly one half of an encoded bit cell time, 
a phase detector error will occur when the read data 
shifts by an amount that is smaller than one half of and 
encoded bit cell time when shifting in one direction and 
an amount larger than one half of an encoded bit cell 
time in the other direction. In addition, when an error 
occurs, the resulting charge pump output goes from 
maximum output one way to maximum output the other 
way. This can cause loss of lock to occur. The timing is 
shown in Figure 18. 


The 32P5481/5482 achieves an accurate quarter cell 
delay time by using the VCO control voltage to 
compensate the quarter cell delay one-shot circuit for 
process, temperature and power supply induced timing 
variations. The modified architecture of the 32P5481/ 
5482 data synchronizeris shownin Figure 19B. Because 
the quarter cell delay timing is adjusted by the VCO 
control voltage, there is an effect on the PLL transfer 
function due to the new quarter cell delay circuit. 


The quarter cell delay circuit produces a time delay 
output in response to a voltage input. In order to include 
this function in a phase-locked loop, the time delay 
function must be converted into a phase function. This 
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where: 
K, = VCO gain 
w@, = VCO center frequency (rad/s) 
f, = VCO center frequency (Hz) 
T, = VCO center frequency (sec) 


For the quarter cell delay, 
LOG5 cB ON. 
dV T, 


as = 
where: dv 
= Phase due to quarter cell delay circuit 
= VCO center frequency period 

= Quarter cell delay time 


a. = T,/T, = 0.5 for the 32P5481/5482 


0, 
q, 
Ty 


The gain of the quarter cell delay block is constant in 
the 32P5481/5482, regardless of the values of other 
components. 


For the 32P5481/5482, the nominal value of K, is 
0.177. 


PLL TRANSFER FUNCTION 


There are two modes of operation of the PLL, and two 
transfer functions. In write and idle modes, the PLL is 
locked to the reference oscillator, and the quarter cell 
delay does not enter into the transfer function. In read, 
mode, the PLL is locked to read data, and the quarter 
cell delay is included in the transfer function. In addi- 
tion, the effective loop gain of the PLL increases in idle 
mode due to the phase detector. This will be explained 
later in more detail. 


The transfer functions for read and idle modes are 
given in (3) and (4), respectively. 
(3) 


is straightforward, since a time delay is equivalent to a nKoK gF(s) 
phase angle. The equivalent phase representation of Oo (S) _ 
the quarter cell delay is derived below. 6, (S) 14nK TK gF(s) + mora! 
For the VCO: da, (1a) (4) 
° av nK oK gF(s) 
89 (S) S 
(1b) ay I ey 

A. (s nK Karis) 
dy _d(1)__ 1 dfo__ 7 2dfo_ To? amo 1 Dia 
dV dV fo fo2 OV OC dv 2n dV 

5-49 


1191 - rev. 


SSI 32P5481/5482 
Pulse Detector & 
Data Synchronizer 


where: 


Ky = Quarter cell delay one-shot gain 
Ko = VCO gain 
Ky = Phase detector gain 
F(s) = Loop filter transfer function 
n = Ratio of input freq. to reference freq. 


In (3) the K term in the denominator is a result of the 
quarter cell delay. Substituting Ky; = aKgTo into (3), 


Oo(S) _ S 
6(S) ~ (1 sar, \ROKGFE) 


S 


The additional -saTo term in the denominator due to 
the quarter cell delay introduces positive feedback. 
However, the gain of the positive feedback is always 
less than one, so there is no instability. The additional 
term is not always negligible, and must be taken into 
account in the loop analysis and design. 


Two loop filter configurations, shown in Figure 15, will 
be considered. Both filters result ina second order type 
2 loop transfer function, with only minor differences in 
the loop equation. 


Ry 


Ry Co 
Cy 


FIGURE 15: Loop Filter 


The transfer function of the loop filter for a charge- 
pump PLL isthe transimpedance, V_/I-(s), where V, (Ss) 
is the output voltage, and I; (s) is the input current. The 
transfer functions of (a) and (b) are given by: 


sRyC4+1 (6) 
i re CT 
R 1 
s(C1+C2)[s eco 
SR4(C4+Co)+1 7 
Fa(s)= stort C2) (7) 
sC(sR1C2+1] 
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For loop filter (a), C is normally chosen to be much 
smallerthan C so that it does not affect the loop transfer 
function significantly. Assuming the C » C and SRC « 1 
at the frequencies of interest, (6) reduces to: 


SRyC4+1 (8) 
2 ear ae 


For loop filter (b), C is normallly chosen to be much 
smaller than C, so that it does not affect the loop 
transfer function significantly. Assuming the C » C and 
that SRC « 1 at the frequencies of interest, (7) reduces 
to: 
SR4C4 +1 
jo (9) 
Fo (8) 

Equations (8) and (9) are the same, and either loop 
filter may be used. Substituting (8) into (3) gives: 


(10) 
Koka (eryoet 
o(S) _ Cy (1-aTonKoK gR1) 
6, (S) 2 nKoKd R _ aly - nKgKqd 
1 aiTgnKoKgRy\) Cy) Cy(1—aTonKoKgAy) 


This is in the form of a standard second order transfer 


fucntion. The denominator has the form: 
D(s) = S2 + 2C@,S + Wp? (11) 


C = damping factor 
, = Natural frequency 


where: 


The damping factor and natural frequency of (10) can 
be extracted: 


Cy (1 = aTonKgKgR) 


2 Pema 
eo : Cy nKgKgC4 
2 1- aTonKgKgR4 
Substituting (8) into (4) gives the transfer function for 
idle mode: 


On = 


(13) 


= OE ery 

Qo (S) _ Cy pei 

mA) 5? +-8(nKoKgRi)+ 28 
1 
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Again, this is in the form of a second order transfer 
function. The damping factor and natural frequency are 


found to be: 
on= nKoKd 
C4 
R 
6= [nko gC 


To design the loop for proper read mode operation 
using (12) and (13), R, and C, must be found in terms 
of the damping factor and natural frequency. 


(15) 


(16) 


To do this, first find C/w,, then solve for R,C,. 
(17) 


RC 25, aTo 
On 


Substitute this value for R,C, into the equation for w, 
and solve for C,. 


_nKoKg 


one 


ot (18) 


On 


Cy + alonKoKgd ( +i | 


Now that C, is known, R, can be found by dividing (17) 
through by C,. 


(19) 


EXAMPLE 1 


Assume that the data rate is 10 Mbit/s, a 3T preamble 
pattern is used, and that w, = 10° and € = 0.707 are 
desired. 


For the SSI 32P5481/5482: 


R, = 50/DR- 1.7 kQ 
K, = 0.17m, = 21.4 + 10 

K, = 0.62/(R,+500) = 160 + 10° 
K. = 0.177 =0.534 


Due to the 3T preamble pattern, the input frequency is 
one third the VCO frequency, son = 1/3. 


@, = 2n(2°10’),a=0.5, andT, = 1/(20+* 10%) =50ns 
C, = 1160 pF + 41.9 pF = 1.21 nF 
R, = 1.20 kQ 
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The resulting loop filter is shown in Figure 16. 


Cy 
1.2 nF oF 
Ry 120 pF 
1.2 kQ 
FIGURE 16 


The value of Cy = C,/10 is chosen to damp out 
transients on the FILT pin and meet the requirement 
Co < C. 


When the loop locks to the reference oscillator in idle 
mode, the loop transferfunction is given by (14), and, 
and € are given by (15) and (16). R, and C, from 
Example 1 can be substituted into these equations to 
find the resulting natural frequency and damping factor 
in idle mode. 


EXAMPLE 2 


When locking onto the reference oscillator, the input 
frequency is the same as the VCO frequency, son=1. 
Using the values of R, and C, found in Example 1, the 
values of w, and € when locking to the reference 
oscillator are found to be: 

@, = 1.7 * 10° rad/s 

Ge iee 
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~LOOP 
FILTER 


FIGURE 17A: Standard Configuration of a Data Synchronizer Phase-Locked Loop 


PHASE DETECTOR 


LOOP 
FILTER 


F(s) 


FIGURE 17B: Phase-Lock Loop System Representation 


IDEAL READ 
DATA PULSE 


ACTUAL READ 
DATA PULSE 


QUARTER CELL 
DELAY OUTPUT 


Hee, ee ie I, He Ne ie gelled Leh dee 


+lo 

PHASE DETECTOR , 
OUTPUT ° 

clo 


FIGURE 18A: Phase Detector Timing with ideal Quarter Cell Delay. For an ideal pulse (1), there is no phase 
detector output. When a pulse is shifted late (2) or early (4) by less than the quarter cell delay time, the phase 
detector output is negative or positive, respectively. When the read data is shifted late (3) or early (5) by more than 
the quarter cell delay time, a phase detector output polarity error occurs. In this case, the output polarity becomes 
positive for a late shifted pulse and negative for an early shifted pulse. 


5-52 1191 - rev. 


SSI 32P5481/5482 
Pulse Detector & 
Data Synchronizer 


READ DATA | | | | | | 
QUARTER CELL | | | | | | 
DELAY OUTPUT 


PHASE DET. 
ENABLE 


CASE 1: DELAY OUTPUT IS EXACTLY CASE 2: DELAY OUTPUT IS GREATER THAN CASE 3: DELAY OUTPUT IS LESS THAN 
¥, BITCELL. Ty = Tp \,, BIT CELLTIME. T, < Tp 4, BIT CELL TIME. Ty > Tp 


FIGURE 18B: Timing of Phase Detector Enable Logic. The read data input pulse can shift to the left by T1 and 
to the right by T2 before an error occurs in the phase detector output polarity, If the quarter cell delay output is not 
exactly 1/4 bit cell wide, then T1 # T2, as shown in cases 2 and 3. 
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READ DATA 


REF OSC 


MODE 
CONTROL 
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Delay Gain 


Quarter Cell 
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DESCRIPTION 


The SSI 32P4622 combines pulse detection and data 
synchronization electronics into a single high-perform- 
ance bipolar integrated circuit. It provides advanced 
features like programmable data rate, and write pre- 
compensation control. Data synchronization is per- 
formed with a fully integrated high-performance PLL. 
The VCO frequency setting elements are incorporated 
into the SSI 32P4622 for enhanced performance and 
reduced board space. Data rate is programmed by a 
single external resistor or a DAC in constant-density 
recording applications. The SSI 32P4622 has been 
optimized for use with the SSI 32F8011 programmable 
filter. The SS! 32P4622 operates from a single +5V 
power supply and is available in 52-pin QFP, PLCC 
packages. 


FEATURES 


© 10-24 Mbit/s date rates 
¢ High performance pulse detector 
- Wide bandwidth AGC 
- Dual Rate charge pump 
- Amplitude pulse qualification 
¢ High performance data synchronizer 
- Fast aquisition PLL, using zero phase restart 
- Programmable write precompensation 
- 1,7 ENDEC 
¢ Supports Constant-Density Recording 
applications 
- Programmable data rate 
* Servo burst output available 
¢ Supports external read channel margin testing 
¢ Low power, +5 volt only operation 


° Available in a 52-pin QFP, and a 52-pin PLCC 
package 
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CIRCUIT DESCRIPTION 


The circuit is intended to be used as a read pulse 
detector and data/clock recovery circuit for 1, 7 RLL 
code in hard disk drive systems with a +5V supply. A 
Circuit block diagram is shown in Figure 5. 


MODE CONTROL 


The function of the SSI 32P4622 is controlled by the 
CHIP_EN, SERVO_EN, WG, RG, HOLD, AND SHORT 
pins. Additionally, the chip can be configured through 
the PULSE DETECTOR MODE CONTROL register 
andthe DATA/CLOCK RECOVERY MODE CONTROL 
register, both of which are loaded through the serial 
digital interface. 


When reading or writing data the CHIP_EN pin should 
be high or open circuited. When the CHIP_EN pin is 
pulled low and the SERVO_EN pin is pulled high the 
chip data/clock recovery section is disabled. This mode 
is intended for monitoring servo data in a low power 
mode when data is not being read or written. When the 
CHIP_EN and SERVO_EN pins are pulled low the chip 
goes into a low power state. 


The input AGC amplifier, pulse detector and write 
driver sections of the circuit are controlled by the WG 
pin and are placed in the read mode when the WG pin 
is low and in write mode when the WG pin is high or 
open. The write driver is active during write and inactive 
during read. 


The RG pin controls what signal the data/clock recov- 
ery PLL locks to. When RG is high the PLL locks to the 
signal from the pulse detector input. Normally this is the 
signal from the pulse detector but the signal can be 
externally supplied from the RD pin for testing by set- 
ting the appropriate control register bit. When RGis low 
the PLL locks to an external reference supplied at the 
FREF pin. 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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CIRCUIT DESCRIPTION (Continued) 
AUTOMATIC GAIN CONTROL CIRCUIT 


An amplified head output signal, such as the output of 
the SSI 32R117, 501, 510 or 32R4610 read/write 
circuits, is AC coupled to the IN1+ and IN1— inputs. 
When WG is high or when SHORT is high the pulse 
detect digital circuitry is disabled and the input imped- 
ance of the input AGC stage is reduced to allow more 
rapid settling of the input coupling capacitors from the 
read/write circuit upon transition to the read mode. 
Transition timing to read is controlled to allow settling 
of the coupling capacitors between the read/write cir- 
cuit and the SSi 32P4622 before the AGC circuitry is 
activated when going to the read mode. Coupling 
Capacitors should be chosen with as low a value as 
possible consistent with adequate bandwidth to allow 
more rapid settling. Also, when SHORT is high the 
AGC circuit enters the read mode in a maximum gain 
state and can rapidly attack to the desired level. 


The HOLD pin controls the input AGC stage automatic 
gain circuit. When CHIP_EN or SERVO_EN is high, 
HOLD is high and WG and SHORT are low the input 
AGC amplifier is controlled to keep a constant read 
data peak level. When the HOLD pin is pulled low the 
gain of the analog circuit is held at the level determined 
when the HOLD pin was high (the gain will slowly drift 
due to leakage). 


Inthe read mode the level at the input to the DIN+, DIN- 
pins is controlled by full wave rectifying the level at 
these pins and comparing it to a reference level sup- 
plied at the AGC pin. When the input level at the DIN+, 
DIN- input is greater than about 125% the desired level 
as set by the AGC pin the circuitis in a fast attack mode 
and will supply about 1.7 mA of discharge current at the 
GAIN pin. When the circuit is not in fast attack and the 
input level is above 100% of the desired level the circuit 
enters a slower attack mode and will supply about 
0.18mA of discharge current. This allows the AGC 
amplifier to rapidly recover when going from write to 
read but reduces zero crossing distortion once the 
AGC amplifier is in range. There is an on-chip fixed 
slow decay current source. When the slow attack 
threshold has not been reached for a specified amount 
of time the circuit assumes the signal is too low and 
goes into a fast decay mode. The fast attack and fast 
decay modes can be disabled with the fast attack/ 
decay control bit in the PULSE DETECTOR MODE 
CONTROL register. 
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The AGC pin is internally biased so that the target 
differential voltage input at the DIN+/— pins is 1.0 Vp-p 
at nominal conditions. The AGC voltage can be modi- 
fied by tying a resistor between AGC and ground or 
VPA. A resistor to ground decreases the voltage level 
while a resistor to VPA increases it. The resultant AGC 
voltage level is: 


Rint 


Rext 


Rint 


Rext 


(5—V) Rint 
Rint + Rext 


VRx 


Vacc = ——"4_ 
Rint + Rext 


VAGC = 
where: 
V=Voltage at AGC with pin open(2.19V, nom.) 
Rint = AGC pin input impedance (6.7 kQ, typ.) 
Rx = External resistor 


The new DIN+/— input target level is nominally 6.48 Vp- 
p/Vacc. 


Gain of the AGC amplifier is nominally: 
Av =Gainof the AGC stage 
= K1 x exp[K2 x V(GAIN)] 
where: 
Av = Gain of AGC stage 
V(GAIN) = Voltage on the gain pin 


READ MODE DIGITIZING SECTION 


In the data path the signal is sent to a hysteresis 
comparator. The comparator hysteresis level can be 
set at a fixed level or, with the addition of an external 
filter network, can be Set as a fraction of the signal level 
as shown in the circuit block diagram. The latter ap- 
proach allows setting the AGC circuit decay and slow 
attack times slow enough to minimize distortion of the 
signal going into the clocking path and setting a shorter 
time constant for the hysteresis level. Thus when 
switching to ahead with a different output level or when 
switching from write to read the circuit is properly 
decoding data before the AGC circuit gain has settled 
to its final steady state level. In addition, the hysteresis 
threshold level can be set from the serial data port. The 
output of the hysteresis comparator is sent to the “D” 
input of a D flip-flop. The DOUT pin provides the TTL 
compatible comparator output digital signal for testing 
purposes and, if required, for use in the servo circuit. 
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Inthe clocking path the signal is sent to a differentiator 
circuit whose characteristics are set by external com- 
ponents. The output of the differentiator circuit is sent 
to an edge trigger circuit which creates an output pulse 
on every zero crossing of the output of the differentia- 
tor. The output of the edge trigger is the clock input of 
the D flip flop. The COUT pin provides the edge trigger 
output signal for testing purposes. 


During normal system operation the differentiator cir- 
cuit clocks the D flip-flop on every positive and negative 
peak of the signal input to DIN+,DIN-. The data path D 
input to the flip-flop only changes state when the signal 
applied to the DIN+, DIN- inputs exceeds the hyster- 
esis comparator threshold in a polarity opposite the 
polarity of the peak which last exceeded the threshold. 
Therefore, the clocking path determines signal timing 
and the data path blocks spurious peaks if they do not 
exceed the hysteresis comparator threshold. Figure 7 
shows Circuit operation of the digital section. The two 
digital signal path delays between the DIN+, DIN- 
inputs to the flip-flop CK input and the DIN+, DIN- 
inputs to flip-flop D input are well matched. 


SERVO BURST CAPTURE SECTION 


The circuit provides a full wave rectified output of the 
signal appearing at the DIN+/- inputs at the SER_OUT 
pin and a servo reference level at the SER_REF pin for 
use in embedded servo recovery. 


DATA/CLOCK RECOVERY CIRCUIT 


The circuit is designed to perform data recovery and 
data encoding in rotating memory systems which util- 
ize a 1,7 RLL encoding format. In the read mode the 
Circuit performs data synchronization, syncfieldsearch 
and detect, address mark detect, and data decoding. In 
the write mode, the circuit converts NRZ data into the 
1,7 RLL format described in Table 3, performs write 
precompensation, generates the preamble field and 
inserts address marks as requested. The interface 
electronics and architecture of the circuit have been 
optimized for use as a companion device to the SSI 
32C452, SSI 32C4640 or AIC 010 controllers. 


The data rate is established by a single 1% external 
resistor, RR, connected fromthe IREF pinto VPA. This 
resistor establishes a reference current which sets the 
VCO center frequency, the phase detector gain, and 
the 1/3 cell delay. The value of this resistor is given by: 

92.6 

DR 1.7 (KQ) 

where: DR = data rate in Mbit/s 
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Inaconstant density recording application the IREF pin 
can be driven by a DAC such as contained in the SSI 
32D4661. 


An internal crystal reference oscillator, operating at 
three times the data rate, generates the standby refer- 
ence for the PLL. An attenuated external TTL compat- 
ible reference or an AC coupled ECL source at three 
times the data rate should be applied to the ‘FREF’ pin. 


The device employs a Dual Mode Phase Detector; 
Harmonic in the Read Mode and Non Harmonic in 
Write and Idle Modes. Inthe Read Mode the Harmonic 
Phase Detector updates the PLL with each occurrence 
of aDYLD DATApulse. Inthe Write and Idle modes the 
Non-Harmonic Phase Detector is continuously en- 
abled, thus maintaining both phase and frequency 
lock. By acquiring both phase and frequency lock to the 
crystal reference oscillator and utilizing a zero phase 
restart technique, false lock to DLYD DATA is elimi- 
nated. 


The phase detector incorporates a charge pump in 
order to drive the loop filter directly. The polarity and 
width of the output current pulses correspond to the 
direction and magnitude of the phase error. 


The READ GATE (RG), and WRITE GATE (WG) 
inputs control the device mode. 


RG is an asynchronous input and may be initiated or 
terminated at any position on the disk. WG is also an 
asynchronous input, but should not be terminated prior 
to the last output Write Data pulse. 


READ OPERATION 


The Data Synchronizer utilizes a fully integrated fast 
acquisition PLL to accurately develop the decode win- 
dow. Read Gate, RG, initiates the PLL locking se- 
quence and selects the PLL reference input; a high 
level (Read Mode) selects the internal RD input anda 
low level selects the crystal reference oscillator. 


Inthe Read Mode the falling edge of DRD enables the 
Phase Detector while the rising edge is phase com- 
pared to the rising edge of the VCO/2. As depicted in 
Figure 1, DRD is a 1/3 cell wide (TVCO) pulse whose 
leading edge is defined by the leading edge of RD. An 
accurate and symmetrical decode window is devel- 
oped from the VCO/2 clock. By utilizing a fully inte- 
grated symmetrical VCO running at three times the 
data rate, the decode window is insured to be accurate 
and centered symmetrically about the rising edges of 
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DRD. The accuracy of the 1/3 cell delay only affects the 
retrace angle of the phase detector and does not 
influence the accuracy of the decode window. 


In Non-Read Modes, the PLL is locked to the crystal 
reference oscillator. This forces the VCO to run at a 
frequency which is very close to that required for 
tracking actual data and thus minimizes the associated 
frequency step during acquisition. When the reference 
input to the PLL is switched, the VCO is stopped 
momentarily, then restarted in an accurate phase 
alignment with the next PLL reference input pulse, and 
the VCO clock divider is reset. By minimizing the phase 
alignment in this manner (phase error < 1 rads), the 
acquisition time is substantially reduced. 


SOFT SECTOR OPERATION 


Disk Operation Lock Sequence in Read Mode Soft 
Sector Operation 
7 “O", 7 "Oo", 11 “O", 11 “Oo” 
19 "3T" 


ADDRESS | 3X} VCO BIT ENC 
__| rcenaste 


ADDRESS MARK DETECT 


In Soft Sector Read Operation the SSI 32P4622 must 
first detect an address mark to be able to initiate the rest 
of the read lock sequence. An address mark consists of 
two (2) 7 “0” patterns followed by two 11 “0” patterns. To 
begin the read lock sequence the “Hard/Soft" bit in the 
data recovery mode control register is set to “0.” The 


Address Mark Detect (AMD) circuitry then initiates a 
search of the read data (RD) for an address mark. First 
the AMD looks fora set of 6 “0’s” within the 7 “0” patterns. 
Having detected a 6 “0” the AMD then looks for a 9 “0” 
set within the 11 “0’s”. If AMD does not detect 9 “0’s” 
within 5 RD bits after detecting 6 “0's” it will restart the 
Address Mark Detect sequence and look for 6 “0’s.” 
When the AMD has acquired a 6 “0,” 9 “O” sequence the 
AMD transitions low. 


PREAMBLE SEARCH 


After the Address Mark (AM) has been detected a 
Read Gate (RG) can be asserted initiating the remain- 
der of the read lock sequence. When RG is asserted an 
internal counter counts transitions of the incoming 
Read Data, (positive transitions for RD ECL, negative 
transitions for RD TTL). Once the counter reaches 
count 3 (finds (3) consecutive 3T preamble) the internal 
read gate enables switching the phase detector from 
the reference oscillator to the delayed Read Data input 
(DRD); at the same time a zero phase (internal) restart 
signal restarts the VCO in phase with the DRD. This 
prepares the VCO to be synchronized to data when the 
bit sync circuitry is enabled after VCO lock is estab- 
lished. 


VCO LOCK & BIT SYNC ENABLE 


When the internal counter counts 16 more “3T” or a 
total of 19 read data transitions from RG enable, an 
internal VCO lock signal enables. The VCO lock signal 
activates the decoder bit synchronization circuitry to 
define the proper decode boundaries. Also, at count 
19, the RRC source switches from the reference oscil- 
lator to the VCO clock signal which is phase locked to 
DRD. The VCO is assumed locked at this point. A 
maximum of 2 RRC time periods may occur for the 
RRC transition, however, no short duration glitches will 
occur. After the bit sync circuitry sets the proper de- 
code window (VCO in sync with RRC and RRC in sync 
with data) NRZ is enabled and data is toggled in to be 
decoded for the duration of the read gate. 


HARD SECTOR OPERATION 
READ MODE 


| 19 “3T° | 
3X VCO BIT bt ~ adhe 
LOCK SYNC ID/ECC DATA 


_| re ENABLE 


In hard sector operation AMD remains inactive. A hard 
sector read operation does not require an address 
mark search but starts with a preamble search as with 
soft sector and sequences identically. In all respects, 
with exception to the address mark search sequence, 
hard sector read operation is the same as soft sector 
read. 
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WRITE MODE 


Inthe write mode the SSI 32P4622 converts NRZ datafrom 
the controller into 1,7 RLL formatted data for storage on the 
disk. The SSI32P4622 can operate with a soft or hard sector 
hard drive. 


In soft sector operation the device generates a “7, 7, 11, 11” 
Address Mark, and a preamble pattern. 


Inthe hard sector operation the device generates a 19 x “ST” 
preamble pattern but no preceding Address Mark. Serial 
NRZ data is clocked into the SSI 32P4622 and latched on 
defined cell boundaries. The NRZ input data must be 
synchronous with the rising edges of the WCLK input. The 
WCLK input is a feature provided for operation in an ESDI 
application to compensate for large cable delays. In SCSI or 
ST506 operation, WCLK is connected directly to the RRC 
output. 


Write precompensation Circuitry is provided to compensate 
for media bit shift caused by intersymbol interference. The 
SSI 32P4622 recognizes specific write data patterns and 
can add or subtract delays in the time position of write data 
bits to counteractthe read back bit shift. The magnitude of the 
time shift, TPC, is determined by a combination of the RR 
value and of an external resistor on the WCS pin. 


The SSI 32P4622 performs write precompensation accord- 
ing to the algorithm outlined in Table 3. 


1,7 RLL DATA 


RO(ITL) 


SSI 32P4622 
Pulse Detector & 
Data Separator 


SOFT SECTOR 


In soft sector operation, when Read Gate (RG) transi- 
tions low, VCO source and RRC source switch from RD 
and VCO/3, respectively, to the reference crystal. Atthe 
same time the VCO (internal) lock goes inactive but the 
VCO is locked to the reference crystal. After a delay of 
1 NRZ time period (min) from RG low, the Write Gate 
(WG) can be enabled while NRZ2 is maintained (NRZ 
write data) low. The Write Address Mark (WAM) is made 
active (low) a minimum of 1 NRZ time period later. The 
Address Mark (consisting of 7 “0’s,” 7 “O’s,” 11 “0's, "11 
“O’s") and the 19 x “3T” Preamble is then written by 
WDO. WDNRZ goes active at this point and after a delay 
of 5 NRZ time periods begins to toggle out WDO 
encoded data. Finally, at the end of the write cycle, 5 
NRZ of blank encoded time passes to insure the en- 
coder is flushed of data; WG then goes low. 


HARD SECTOR 


In hard sector operation, when read gate (RG) transi- 
tions low, VCO source and RRC switch references and 
VCO lock (internal) goes inactive as with soft sector but 
the AMENB (address mark enable) is kept low. 


The SSI 32P4622 then sequences from RG disable to 
WG enable and WONRZ active as in soft sector opera- 
tion. 


—>| 1/3 Cell + 


la 


DECODE WINDOW * jf} ———1}¢——_——o4¢-_ 
PHASE DET | 
ENABLE * 
RRC | | | | | 
NRZ BIT CELL a oS 


NOTE: * Denotes internal signal 


FIGURE 1: Data Synchronization Waveform 
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| | 


ae ee La 2S ee S.., 


PRESENT 


_ | 
K=X°X= XX 
Y1 1,7 CODE 
Ns] rca Nas 
PREVIOUS | | NEXT 
CODE WORD | | CODE WORD 
LAST BIT FIRST BIT 


| 1 WORD BIT | 


FIGURE 2: NRZ Data Word Comparision to 1, 7 Code Word Bit (See Table 1, for Decode Scheme) 


TABLE 1: 1, 7 RLL Code Set 
PREVIOUS 


CODE WORD - DATABITS | 
LAST BITS | PRESENT NEXT CODE BITS 


X = Don't care 


* = Not all zeros 
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TABLE 2: Clock Frequency 
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XTAL/2 


: Until the VCO locks to the new source, the VCO/2 entries will 


be XTAL/2. 


2: Until the VCO locks to the new source, the VCO/3 entries will 


be XTAL/3. 


TABLE 3: Write Precompensation Algorithm 


SERIAL PORT OPERATION 


Programming of the 32P4622 internal registers is 
achieved through a three-line serial interface port. The 
interface requires an enable line, data line, and clock 
line. Data is transferred into the serial port in eight bit 
bytes. The first four bits contain the address informa- 
tion and the remaining four bits contain the program- 
ming data (reference Figure 3). The timing consider- 


TABLE 4: Serial Port Register Addresses 


Bit n is time shifted (delayed) from its nominal 
time position towards the bit n+1 time position. 


EARLY: Bit n is time shifted (advanced) from its nominal 
time position towards the bit n-1 time position. 


NONE 
NONE 


ations for the serial port are fairly straight forward. The 
enable line is driven high by the external controller to 
initiate data transfer. While the enable line is high, the 
controller must output eight clock pulses along with 
eight bits of synchronous programming data. The 
32P4622 will internally latch the data on the falling 
edge of the clock pulses. To prevent false data from 
being latched in, only eight clock pulses should be 
provided. The following tables provide register infor- 
mation. 


DESTINATION 
Pulse detector mode control 


Data/clock recovery control register 
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SERIAL PORT (Continued) 


TABLE 5: Pulse Detector Mode Control Register Bit Definition 


7 


TABLE 6: Data/Clock Recovery Mode Control Register Bit Definition 


BITS DESCRIPTION 
Soft sector activates the 7 “0,” 7 “0,” 11“0,” 11 “O” pattern soft sector address mark circuitry 
Second highest shift pS =: 
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SERIAL PORT (continued) 


TABLE 7: Serial Port Timing Specifications 


PARAMETER CONDITION 


DIGITAL INPUTS AND OUTPUTS 


WAM, WG, CHIP_EN, SERVO_EN, DATA_EN, SDATA, RG, FREF, SHORT, HOLD, WONRZ, WCLK, 
(These are TTL inputs) 


AMD, VCOE, R/W, WD, DOUT, NRZ1, RRC (These are TTL outputs) 
RD is a bidirectional pin with TTL input and ECL-like output 


TABLE 8: TTL COMPATIBLE INPUTS 


DATA_EN | ae 


sete el Hoe Heck Ue We Ro ded ee 


VIL =0.4V 
VIH =2.4V 


TSSDAT THSDAT 
sia Me ED ES EP ED ES ED ER: 


FIGURE 3: Serial Data Interface Timing 
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PIN DESCRIPTIONS 


POWER SUPPLY 


TYPE | DESCRIPTION | 


5 volt analog power supply pins. 


pts 5 volt digital power supply pins. 
Pe Analog ground pins. | 
Ea Digital ground pins. 


CHIP ENABLE: TTL compatible input which enables the chip during 
normal drive operation. | 
SERVO ENABLE: TTL compatible input which enables only the portions 
of the chip needed to read the servo burst. 

WRITE GATE: TTL compatible read/write control pin. 

SERIAL DATA: Serial data input. 

SERIAL CLOCK: Serial data clock. 

SERIAL DATA ENABLE: Serial data enable pin. 


READ/WRITE: TTL compatible output pin which is the negative of WG 
and which is intended to drive the R/W input of the read write chip. 


INPUT1+/-: AGC amplifier signal input pins 


DCPL1, DCPL2 A decoupling capacitor is connected across these pins to remove DC 
offset in the gain buffer. 
OUT1+, OUT1- OUTPUT1+/-: AGC amplifier signal output pins. 
HOLD HOLD: TTL compatible control pin which, when pulled low, holds the input 
AGC amplifier gain. 


SHORT: TTL compatible control pin which, when pulled high shorts the 
AGC input pins. 


AUTOMATIC GAIN CONTROL REFERENCE: Reference input voltage 
level for the AGC circuit. 


GAIN CONTROL VOLTAGE: The AGC timing capacitor is tied between 
this pin and AGND. Also gain of the AGC amplifier can be controlled by a 
DC voltage on this pin. 
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PULSE DIGITIZING STAGE 


DESCRIPTION 


DATA IN+/-: Signal input pins to the hysteresis level detect comparator. 


HYSTERESIS: Hysteresis level setting input to the hysteresis level detect 
comparator. 


LEVEL: Provides rectified level setting level for input into the hysteresis 
Circuit. 


DATA OUT: D input into D flip-flop provided as output for testing or servo 


CLOCK INPUT+/-: Differential signal input pins to the clocking channel. 
CLOCK OUTPUT: Clock input into D flip-flop provided for testing. 


READ DATA: Bidirectional test pin which provides ECL like read output 
from the pulse detector section when WG is low and allows a TTL 
compatible external read data pattern to be sent to the data/clock recovery 
when WG is high. 


SERVO OUTPUT: Servo output signal 
SERVO REFERENCE: Servo reference level 


READ GATE: Selects the PLL reference input and initiates the PLL 
synchronization sequence. A high level selects the RD input and enables 
the read mode/address detect sequences. A low level selects the FREF 
input. 


REFERENCE FREQUENCY: The input can be driven by a direct coupled 
attenuated TTL signaloran AC coupled ECL signal. For minimizing pulse 
jitter during read, FREF should be stopped by gating it externally with 
VCOE. 


NRZ OUTPUT PORT: When in read mode NR2Z is a single ended TTL 
output for NRZ read data. When in write or idle mode NR2Z is tristated. 


NRZ INPUT PORT: WDNRZ is a single ended TTL input for NRZ write 
data. Data must be synchronous with the write clock (WCLK) signal. 


WRITE ADDRESS MARK: The pin is the write address mark input when 
WG is high. In soft sector mode, a one bit wide low level pulse will write 
a7"0," 7"0," 11"0," 11"0" address mark. 


WRITE CLOCK: TTL clock input that is used to shift inthe data presented 
on the WONRZ input. 
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VCOE VCO ENABLE: This active low TTL Output is used to disable the external 
clock applied to the FREF pin. 


VCO_CLK 


DATA/CLOCK RECOVERY SECTION (continued) 


TYPE | DESCRIPTION | 


ADDRESS MARK DETECT: The pin is the low level address mark detect 
output when RG is high. In hard sector mode, the pin is in a high 
impedance state. 


WRITE DATA: Encoded write data output, active low. The data is 
automatically re sychronized to one edge of the FREF input clock. 
READ/REFERENCE CLOCK: RRC is asingle ended TTL output. Clock 
synchronous with NRZ output data. 


VCO CLOCK: An open emitter ECL output test point. Two external 
resistors are required to use this pin. They should be removed during 
normal operation to reduce power dissipation. 


DELAYED READ DATA: An open emitter ECL output test point. The 
positive edges of this signal indicate the data bit position. Two external 
resistors are required to use this pin. They should be removed during 
normal operation to reduce power dissipation. 


ANALOG PINS 


CURRENT REFERENCE INPUT: The VCO center frequency, the 1/3 cell 
delay, and the phase gain are a function of the current sourced into this 


pin. 
LOOP FILTER INPUT: Input for passive PLL filter. 


WRITE PRECOMPENSATION SET: Pin for RC network to program the 
write precompensation magnitude value. 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 
4+5V supply voltage - VPA1,VPA2,VPA3, VPD1,VPD2 


Storage Temperature 
Package Temp. PLCC, QFP (20 sec reflow solder) 


Pin Voltages: an 
DOUT, DOUT, RD, WD, NRZ1, NRZ2, 
VCOE, RRC, RRC, VCO_CLK, DRD 


All other pins 
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ELECTRICAL SPECIFICATIONS 
(Unless otherwise specified: 4.65 < VPA < 5.25, 4.65< VPD < 5.25, TBD < Tj < TBD.) 


POWER SUPPLY 


+5 V (VPA/VPD) Outputs unloaded, 
Supply current CHIP_EN, SERVO_EN=High 


Power Dissipation Outputs unloaded, Tj=145 °C, 
CHIP_EN,SERVO_EN=High 
CHIP_EN=High, 
SERVO_EN=Low 


MODE CONTROL 


Power Down Modes 


[GHP EN [SERVOEN[ WODE [DESCRPTON 
3 
Servo Only the parts of the chip necessary to generate the 
SERV_OUT and DOUT/DOUT outputs are active. 


Pulse Detector Mode Control 
(CHIP_EN or SERVO_EN = 1) 


DESCRIPTION 


Read Read amp on, AGC active and controlled by data. 
Read/Hold | Read amp on, AGC level held at previous active level 


Write (Read amp gain set to zero) AGC level held at previous 
active level, AGC inputs shorted by low impedance. 
Reset AGC | (Read amp gain set to zero) GAIN pin set for AGC maxi- 
mum AGC gain, AGC inputs shorted by low impedance 
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Data/Clock Recovery Mode Control 


(CHIP_EN = 1) | 
| MODES | DESCRIPTION | 


RD lock Data/clock recovery PLL locked to read data, WD is high. 


FREF lock Data/clock recovery PLL locked to external FREF reference, 
WD high. 


Data/clock recovery PLL lockedto external FREF reference, 
WD active. 


Undefined state. 


Enable <—> Disable Settling time of external 


Transition time Capacitors not included 


Read —> Write Transition WG pin Low —> High 
Time 

Write —> Read Transition WG pin High —>Low 
Time __| AGC settling not included 
Read —> Short Transition SHORT pin Low —> High 
Time 

Short —> Read Transition SHORT pin High —> Low 
Time AGC settling not included 


Hold On <—> Hold Off HOLD pin High <—> Low 
Transition time 


TTL COMPATIBLE OUTPUTS 
Note: Outputs are loaded with a 4 kQ resistor to 5V and 15 pF total capacitance (including stray capaci- 
tance) to GND for rise/fall time measurements. 


PARAMETER CONDITION 
Output Low voltage lol= 4.0 mA 


Output High Voltage loh = —400 pA 
Voh = 2.4 V 
Vol=0.4 V 


Output Rise Time 


Output Fall Time 
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DIFFERENTIAL OUTPUTS 
Outputs are loaded with a 10 kQ resistor and 5 pF total capacitance (including stray capacitance) to GND 
for rise/fall time measurements. 


PARAMETER CONDITION | MIN | MAX | 


Output Low Voltage —0.5 mA <lol<0.5 mA 
j 1.7 
1.2 


Output High Voltage -0.5 mA <loh < 0.5mA 


ANALOG GAIN SECTION 

The circuit is intended to interface with the filter structure shown in Figure 5. 
The following measurements are made with the following conditions unless otherwise stated: 1. The circuit is 
in the read mode (CHIP_EN or SERVO_EN, and HOLD PINS high, WG and SHORT pins low) 2. The circuit 
is connected as in Figure 5. 


Automatic Gain Control Section 
The AGC circuit maintains the AC voltage level monitored across the DIN+/- pins at a level defined by the 
voltage on the AGC pin. 


PARAMETER CONDITION 


K1=75 V/V 


K2 =—-2.5 V/V 


Minimum Gain Range 
AGC Loop Level Settings 


DIN+ - DIN- Input Voltage | 20mVppsV(IN14—IN1-)<240mVpp] 0.37 
Swing vs. V(AGC) 0.5VppsV(DIN+ — DIN-)<1.4Vpp 


DIN+ - DIN- Input 20 mVpp < V(IN1+ — IN1-) 
Voltage Swing When AGC | < 240mVpp 
Pin is Open 


DIN+ - DIN- Input 20 mVpp s V(IN1+ — IN1-) 
Voltage Swing Variation < 240mVpp 


Allowable DIN+ - DIN- 
Input signal range 
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AGC Loop Time Constants 


Slow AGC Decay Capacitor V(DIN+ - DIN-)=0.0 
Charge Current | | 


Fast AGC Decay Capacitor V(DIN+ - DIN-)=0.0 
Charge Current 


Fast Decay Hold Off Time Slow attack threshold 
| not reached 


AGC Capacitor Leakage Read/Hold Mode 
Current 


Slow AGC Attack Capacitor V(DIN+ - DIN-)=0.8Vdc 
Discharge Current Vary V(AGC) until slow charge 


begins. 


Fast AGC Attack Capacitor V(DIN+ - DIN-)=0.8Vdc 
Discharge Current V(AGC)= 3.0V 


Fast —> Slow Attack V(DIN+ - DIN-) - 
Switchover Point V(DIN+ - DIN-)Final 


Gain Decay Time (Td) Vin = 240 mVpp —> 120 mVpp 
(see Figure 6) @ 2.5 Mhz, 
Vout to 90% of final value 


Gain Attack Time (Ta) WG = high —> low, 
(see Figure 6) Vin = 240 mV @ 2.5 Mhz 
Vout to 110% final value 


General Amplifier Characteristics 


PARAMETER CONDITION | MIN | 
Input Voltage Range 


Differential Input Resistance 


V(IN1+ - IN1-) = 100 mVpp 
@ 2.5 Mhz 


V(IN1+ - IN1-)=100 mVpp 
SHORT pin = low 
SHORT pin = high 


Differential Input Capacitance 


Common Mode Input 


Impedance (both sides) 


Input Noise Gain set to Maximum 


Differential Output 
Resistance OUT 1+/- 


OUT1+ to OUT1- 
Pin current 


Bandwidth 


No DC path from 
OUT-+/- to GND 


Gain set to maximum, 
+3 dB bandwidth 
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General Amplifier Characteristics (Continued) 


PARAMETER CONDITION 


Common ModeRejection V(IN1+)=V(IN1-)=100 mVpp, 
Ratio (Input Referred) 5 Mhz, Gain set to maximum 


Power Supply Rejection V(VPA/VPD) = 100 mVpp 
Ratio (Input Referred) 5 MHz, Gain set to maximum 


Differential Output 
Resistance OUT4+/- 
Maximum Output 


Voltage Swing 


OUT4+ to OUT4- 
Pin current 


Output Offset 
Voltage 


Bandwidth 


Z(load diff.) = 350 Q 


No DC path from OUT+/- 
to GND 


Gain set to maximum, 


V(IN4+) = V(IN4-)=100 mVpp, 
5 Mhz, Gain set to maximum 


V(VPA/VPD) = 100 mVpp, 
5 Mhz, Gain set to maximum 


Common Mode Rejection 
Ratio (Input referred) 


Power Supply Rejection 
Ratio (Input referred) 


READ MODE DIGITIZING SECTION 


All of the measurements in the read digital section are made with the following conditions unless otherwise 

stated: 

1. Inthe read mode, (CHIP_EN high, WG & SHORT pins low) 

2. The clock and data input (CIN+ - CIN) and (DIN+ - DIN-), receive AC coupled 2.5 MHz, 1.0 Vpp sine- 
wave input signals with the DIN+/- input leading CIN+/- by 90 degrees. 

3. A1.8V DC voltage is applied to HYS pin. 

4. The RD and DOUT pins are loaded with a 10 kQ resistor and 5 pF total capacitance to GND. 


Hysteresis Comparator Circuit 


Input Signal Range 
Differential Input V(DIN+ - DIN-) = 100 mVpp, 


Resistance 2.5 Mhz 


Differential Input V(DIN+ - DIN-) = 100 mVpp, 
Capacitance 2.5 Mhz 
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Hysteresis Comparator Circuit (Continued) 


PARAMETER | . CONDITION 


Common Mode Input Both sides 
Impedance 


LEVEL Pin Output 0.6 < V(DIN+ - DIN-)<1.4 Vpp 
Voltage vs DIN+ - DIN- 10 kQ between LEVEL & GND 
Input voltage 


LEVEL Pin Output (LEVEL) =0.5 mA 
Impedance 


LEVEL Pin Maximum 
Output Current 


Comparator Offset HYS pin at GND, <1.5 kQ 
Voltage across DIN+, DIN- 


Hysteresis Trip Voltage 1V < V(HYS) < 2V 
(at DIN+, DIN-) vs. 
HYS pin voltage 


Hysteresis Threshold V(HYS) = some % of 

Margin as a % of V(AGC)* or V(LEVEL), 

V(DIN+ - DIN-) Peak | 1V <V(HYS) < 3V 
See Figures 17 & 18 


HYS Pin Input Current 1V < V(HYS) < 3V 


*In an open loop configuration where reference is V(AGC) tolerance may be slightly higher 


TABLE 1: Frequency Template of Hysteresis Trip Point as Percent of Peak Input Voltage Across 
DIN+/— Pins 


| external | Medium | __Low 


0 to TBD MHz TBD to TBD% TBDto TBD% | TBDto TBD% TBD to TBD % 
TBD MHz TBD to TBD % TBD to TBD % TBD to TBD % TBD to TBD % 


Note 1: Pulse detector mode control register bits D1, 2 set as follows: 
00 = External hysteresis 
10 = About 65% hysteresis 
01 = About 50% hysteresis 
11 = About 35% hysteresis 


Note 2: For external hysteresis, LEVEL/HYS pin network is set up with external component values as 
shown in Figure 5a. 
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Clocking Circuit 


Input Signal Range 


Differential Input V(CIN+ - CIN-) = 100 mVp-p, 
Resistance 2.5 Mhz 


Differential Input V(CIN+ - CIN-) = 100 mVp-p, 
Capacitance 2.5 Mhz 


Common Mode Input Both sides 
Impedance 


Input Offset Voltage 


COUT Pin Output 
Low Voltage 


COUT Pin Output TIE 2 kQ from COUT to GND 
Pulse Voltage 
V(high) - V(low) 


COUT Pin Output TIE 2 kQ from COUT to GND 
Pulse Width 


Read Mode Digital Section as System 


Required DFF Minimum allowable time delay 

Set up Time, from V(DIN+, DIN ) exceeding 

(Td1 in Figure 7) hysteresis point to V(CIN+,CIN ) 
crossing zero 


Propagation Delay 
Td3 in Figure 7 


Pulse Pairing |Td3-Td4| in Figure 7 


RD Pin Output 0.0<loh<0.5mA 
Pulse Width 


RD Pin Output Low 0.0<lol<0.5mA 
Voltage 


RD Pin Output Pulse 0.0<loh<0.5mA 
Voltage V(high)-V(low) 
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Servo Burst Capture Circuit 
All of the measurements for the servo are made with the following conditions unless otherwise stated.. The 
Circuit is connected as shown in Figure 5. 


PARAMETER CONDITION 
SERV_REF Pin Level 


SERV_OUT to DIN+ shorted to DIN- 
SERV_REF Offset 


SERV_OUT Level vs MSERV_OUT) _ 92 Vpv 
AGC Pin Voltage V(AGC) | 


Servo Frame vs. V(DIN+/-) V(SERV_OUT —SERV_REF) 
V(DIN-+-) 


= 0.39 Vp/Vpp 


Allowable Load Impedance Equivalent parallel resistance 


SERV_OUT or beans 
SERV_REF to GND Equivalent parallel capacitance Le: 


CLOCK/DATA RECOVERY SECTION: 
See applications section for loop filter development. 


DC Output levels 


PARAMETER CONDITION | MIN 


Test Point Output 262Q to VPD,402Q to GND _| VPD-1.02 
High Level (VOHT) VPA = VPD 
DRD, VCO_CLK, VCO_REF 


Test Point Output 262Q to VPD,402Q to GND 
Low Level (VOLT) VPA = VPD 
DRD, VCO_CLK, VCO_REF 


Read Mode 


Read Clock Rise Time (TRRC) | 0.8V to 2.0V, C1 < 15 pF 


Read Clock Fall Time (TFRC) 2.0V to 0.8V, C1 < 15 pF 


NRZ (out) Set Up and 
Hold Time (TPNRZ) 


AMD Propagation 
Delay (TPAMD) 


1/3 Cell Delay 
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Write Mode 


PARAMETER CONDITION | oN | MAX UNIT 


2TOWC - aTPC -5 
3 


Write Data Pulse Width 
(TWDC) 


Write Data Fall Time (TFWD) 


Write Data Clock Rise Time 
(TWRC) 


Write Data Clock Fall Time 
(TWFC) 


NRZ Set Up Time (TSNRZ) 
NRZ Hold Time (THNRZ) 
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C1 < 15 pF 2TOWC 5 
3 


2.0V to 0.8V, C1< 15 pF 


0.8V to 2.0V, 
C1<15 pF 


2.0 to 0.8V 
C1<15 pF 


Precompensation Time Shift 
Magnitude Accuracy (TPC) 


TPCO = 1.12T x A/(B+3A) 
See note 


D2 bit=0, D3 bit=0 


D2 bit=1, D3 bit=0 


D2 bit=0, D3 bit=1 
D2 bit=1, D3 bit=1 


Note: T = FREF period, A=0.19/(Rpc+0.51)+0.0058, B=0.42/(RR+0.53)+0.0108, Rpc & RR in kQ 


Data Synchronization 


VCO Center Frequency 
Period (TVCO) 


VCO IN = 2.7V, TO = 3.6E(RR+1700), 
VPA, VPD = 5.0V, RR = — 17(KQ) 


VCO Frequency 
Dynamic Range 


VCO Control Gain (KVCO) 


Phase Detector Gain (KD) 


VPA, VPD = 5.0V 


KVCOxKD Product Accuracy 


~ 1.0V<VCO INSVPA-0.6V 


wo =2xn/TO, 1.0VsVCO IN<VPA-0.6V 


For PLL REF=FREF, KD=0.22/(RR+530) 
For PLL REF=RD, KD=0.11/(RR+530) 
VPA, VPD = 5.0V 


VCO Phase Restart Error 


Referred to RRC 


Decode Window 
Centering Accuracy 


Decode Window 


5-75 


SSI 32P4622 
Pulse Detector & 
Data Separator 


APPLICATIONS INFORMATION 
LOOP FILTER 


The low pass filter attenuates high frequency components fo the phase error signal from the phase detector and 
modifies the dynamics of the PLL. In lock mode, the PLL can be approximated by the linear model shown in 
Figure 4. The transfer functions of the blocks are as follows: 


KD = conversion factor for phase detector in wA/radian 
KVCO = VCO gain factor in radians/volt-second 
F(s) | =low pass filter transfer function 


Thus the closed loop transfer function is: 
KD * Kvco « F(s) 


A (sj ee Ne. 
5 KD + Kvco + F(s) 


N 


where: N = ratio between TBD and FIN 
N = 1.0 for preamble 
N= 0.5 for external clock 


For the low pass filter example: 


F (s) = 1+sCiR 
sC1 (1 +€2.4sCaR} 
C1 


Voltage Controlled 
Phase Detector Low Pass Filter Oscillator 


rad 
sec/volt 


dBo/dt = KVCO « Vc 


Low Pass Filter Example 


FIGURE 4: Phase Locked Loop 
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Analog Digital Q 

9 ° +5 +6 e 
o 9° < < 

Cc <j 4 Q 2 v0 3 

a a4 22 2 2 {3 $3 

Cp) Ch) () a C3 L) C) L) () 


SHORT O) 
C) 


Read Data 


(To sheet 2) 
Analog 
Ground 
Write Gate 
(To sheet 2) 
Data/Address Bus 
(To sheet 2) 


Servo 
Output 
Reterence 
Voltage 


C) 
OGND1 


Digital 
Ground 


FIGURE 5a: SSI 32P4622 Circuit Block Diagram (Sheet 1) 
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Read Data 1/3 Cell 
(From sheet 1) Delay Phase Voltage 
Detector 


Controlled Clock 
ee Pett TT 


L] FREF 


a 


Current 
Reference 
Generator 


ai aannan esas a 


(From sheet 1) 
[}] WAM 
a r] AMD 
Data/Address Bus Po 
(From sheet 1) 
an a 
| Address 
Mark 
Generator L] WONRZ 
SYNC 
oe e 
L_] 


5 


43ui 0) 
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SOM 
CQNDV LI 
ZONDO () 


FIGURE 5b: SSI 32P4622 Circuit Block Diagram (Sheet 2) 
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V (IN+ - IN-) 


Lb 


~<4-— 130% 90% —> 


V (OUT+ - OUT-) 


FIGURE 6: AGC Timing Diagram 


+HYSTERESIS LEVEL 
V (Fx+-Fx-) OV 
~HYSTERESIS LEVEL 


V (DOUT) 


V (DIF+ — DIF-) 
OV 


DIFFERENTIATOR 
COMPARATOR OUTPUT 


Vv (COUT) 


RD OUTPUT 
(Internal) 


FIGURE 7: Read Mode Digital Section Timing Diagram 
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—| 1/3 Cell — 


| vco/2 * | | | | | | | 
: 
| DECODE WINDOW + SaaS nREREeeeenca eel 
PHASE DET 
ENABLE * 
NRZ BIT CELL {++} 


NOTE: * Denotes internal signal 


FIGURE 8: Data Synchronization Waveform 


| 


| 
X X= X= X= X= xX 


PRESENT | 


| 
Y1 1,7 CODE 
(as Me Na a 
PREVIOUS | | Next 
CODE WORD CODE WORD 
LAST BIT | a | FIRST BIT 


| 1 WORD BIT | 


FIGURE 9: NRZ Data Word Comparison to 1, 7 Code Word Bit 
(See Table 1 for decode scheme) 
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NRZ (OUT) 
TPNRZ TPNRZ 


AMD 


FIGURE 10: Read Timing 
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FIGURE 11: Write Timing 
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PREAMBLE 
7°0" 7 °0" 11 *0" 11 “0" "3T* PATTERNS 


RD 
(Internal) 7 | : | Py Ty dd 


10000000 10000000 100000000000 100000000000 1 00 100 1 00 1 


Address Mark Detect 1 ZERO 


Enable (Internal) TIMING 
MIN v | 


AMD 


<4— TRISTATE BISTABLE 


Case 2 


Address Mark Detect 1 ZERO 


Enable (Internal) 


TIMING 
MIN v 
AMD | 


6 “0” 90" 
DETECT DETECT 
<+— TRISTATE BISTABLE 
RD aia es ee ee eS IN tee ee, eg ee, ee a eee 
AMD 
6 "0" 9 “0O" 
DETECT DETECT 


If 5 bits of RD are detected after 6 "0" and before 9 “O" are found, then restart and look for 6 "0." 


RD EXAMPLE 


ie RESTART 


FIGURE 12: Address Mark Search 
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ZERO PHASE 
RESTART 


VCO IN demoed Apscneiamanarir pe annem, spores 
* 
VCO LOCK | | 


er ee 
—| ge, |e 


Oe a re ee ae a ee 


NRZ 


ENABLE | | 
BIT SYNC SEARCH 
DISABLE 
ek 
VCO CLK | | 


* 
ARG REF OSC 


SOURCE 


te 
OLYD AD 
* 
PHASE DET SOURCE 
REF OSC 


INT COUNTER 


* = — Internal Source 


** =~ Test Point 


FIGURE 13: Read Mode Locking Sequence (Soft and Hard Sector) 
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MIN 38 NRAZ IF NO AMD 
WG 
(INTERNAL) MIN OF 62 NAZ RECOMMENDED 


(001" PATTERNS) 
1 NAZ ly» 1 NRZ MIN 
MIN 27 NRZ MAX 


WAM 
MAX OF 3 X 3T (1,7) DELAY TO 5 NRZ PAD TO 
SYNC WAM TO INTERNAL STATE 
[o7 AL FLUSH ENCODER 
WDNRZ 
MAX OF 5 NRZ DELAY 
Wo 


11 “O* 41°O? 


ADDRESS Marko} PREAMBLE ENCODED DATA ———> 
foo™N (19 x 3T PATTERN) 


VCO LOCK 
(INTERNAL) 
VCOLOCKS BUT VCO LOCK SIGNAL WILL STAY INACTIVE 


vco 5 ¢ FREF 
SOURCE Hp 2 

RRC vCO S FREF 
SOURCE 3 3 


RRC ‘ee ) 


lq > | MAX 2 TME PERIODS 


FIGURE 15: Write Data 
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V (LEVEL) 


7 V (LEVEL) & 
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HYSTERESIS 
COMPARATOR 
OUTPUT 


FIGURE 16: Expected Nominal Voltage Levels 


V(DIN+ - DIN-) “PEAK 


FULL WAVE 
RECTIFIER V(HYS) = K% of V(LEVEL) 


To AGC 
Charge Pump 


FIGURE 17: Feed Forward Mode 
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FIGURE 17a: SSI 32P4622 System Configuration (Sheet 1) 
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FIGURE 17b: SSI 32P4622 System Configuration (Sheet 2) 
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For V(HYS) = 
+15% (max) K% of V(LEVEL) 


Typically ~ 60% 
Typical ~ 60% 


—15% (min) 


Hysteresis Threshold as a 
% of V(DIN+ - DIN—-) Peak 


9MHz2 Frequency 


FIGURE 18: Percentage Threshold vs. Frequency 
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52-pin QFP, PLCC 


Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for 
final design. 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 
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DESCRIPTION 


The SSI 32P4720/4721 is a low power, high 
performance bipolar device that provides pulse 
detection, data synchronization, and ENDEC electronics 
on a single integrated circuit. It supports RLL 1,7 data 
recording at rates programmable up to 24 Mbit/s and 
includes advanced features such as window shift and 
write precompensation control. The device reduces 
board layout space by including a fully integrated high- 
performance PLL with the VCO frequency setting 
elements incorporated on-chip. Data rate is 
programmed using an external resistor or, for constant 
density recording applications, an external current 
DAC. Control of the programmable features is provided 
through a simple, easy to use serial interface. The 
combination of these features along with a power- 
down mode, small footprint, and +5V only operation 
make the SSI32P4720/4721 suitable for a wide variety 
of hard disk drive applications. 
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FEATURES 


¢ High performance pulse detector with: 
- Wide bandwidth AGC 
- Dual rate charge pump 
- Amplitude pulse qualification 
¢ High performance data synchronizer with: 
- Fast acquisition PLL 
- Programmable write precompensation 
- Programmable window shift 
- 1,7 RLL ENDEC 


¢ Programmable dataratefrom 8to 18 Mbit/s (4720) 
and 12 to 24 Mbit/s (4721) 


¢ Servo burst and reference outputs 


e Low power (<750 mW), 5V only operation 


¢ Two power down modes (<15 mW power down 
mode) 


* Available in 52-pin QFP &52-pin PLCC packages 
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FUNCTIONAL DESCRIPTION | 


The SSI 32P4720/4721 is designed for use as a read 
pulse detector, data/clock recovery circuit, and write 
data encoder for RLL 1,7 code hard disk drive systems. 
In addition, it provides a servo burst output mode to 
support embedded servo applications. 


PULSE DETECTOR CIRCUIT 


The SSI 32P4720/4721 includes a complete pulse 
detection circuit that provides amplitude qualification of 
the incoming data signals during read mode operation. 
The pulse detector circuitry is optimized to operate with 
the SSI 32F8011 and SSI 32F8020 programmable 
filters as well as discrete filter implementations. 


READ MODE OPERATION 


AGC Amplifier 

The initial stage of the pulse detector circuitry is a wide 
bandwidth AGC amplifier circuit that is capable of 
producing an output swing of 3 Vp-p maximum. This 
allows for operation with external filters that have up to 
8 dB of loss. The gain of the AGC amplifier is a linear 
function of the voltage present on the BYP pin of the 
device (Figure 1.) The AGC is internally biased to 
maintain an input voltage of 1 Vp-p differential at the 
DIN+/- pins of the device. An external resistor can be 
connected to the AGC pin to adjust the AGC voltage 
either up (resistor to VPA3) ordown (resistorto AGNDS.) 
as shown in Figure 2. The desired AGC voltage level 
can be set using the following equations: 


VAGC = [((5-V) x RINT) / (RINT + REXT)] + V (Fig. 2a) 
or, VAGC = (V x REXT) / (RINT + REXT) (Fig. 2b) 


where: V = 1.0 V (nominal) 
RINT = 3.91 kQ (typical) 


When an external resistance is applied to the AGC pin, 
the signal level at DIN+/- will be: 


Vppd | 


DIN+/- = 1.0 x VAGC 


(5-V) Rint 


Vace = go> VRext 
Rint + Rext — —VOXt 
7 Vace = Rint = Rext 


FIGURE 2: AGC Voltage 


5-92 


Gain VV 


Slope = 140/V nominal 


1.0 


VBYP (Volts) 


FIGURE 1: AGC Gain 


An internal full-wave rectifier accepts the DIN-+/- input 
signal and provides a rectified signal to the AGC circuit. 
Dual charge pumps inthe AGC circuit provide both fast 
and slow attack modes to support rapid recovery 
during write to read transitions. When the DIN+/- signal 
level is greater than 125% of the desired level, the fast 
attack mode is entered and 1.3 mA of charge current is 
supplied to the BYP pin. When the DIN+/- input signal 
is between 100% and 125% of the desired level, the 
AGC switches to slow attack mode and 0.18 mA of 
charge current is supplied to the BYP pin. 


The SSI 32P4720/4721 also provides two decay modes 
that are automatically controlled within the device. 
During write mode, the gain of the AGC circuit is 
automatically held to its previous value and the inputs 
to the AGC amplifier are placed into a low impedance 
state. When the device is switched from write mode to 
read mode the AGC circuit will maintain the low imped- 
ance state and hold the previous gain for 0.9 ps. After 
0.9 us, the AGC will go into either attack mode or decay 
mode depending upon the signal level at the DIN+/- 
pins. If the DIN+/- signal requires less gain, the AGC 
will go into attack mode. If the DIN+/- signal requires 
more gain, the AGC will go into the fast decay mode. In 
fast decay mode a discharge current of 120 uA is 
turned-on for a period of 0.9 us or until the correct level 
is reached at the DIN+/- inputs. After the 0.9 us period 
the device will remain in the slow decay mode with a 
discharge current of 4.5 LWA. 


DATA PATH (LEVEL QUALIFICATION) 


Inthe data path of the SSI 32P4720/4721, the signal at 
the DIN+/- inputs is applied to an internal hysteresis 
comparator that provides level qualification of the in- 
coming signal. The output of the hysteresis comparator 
serves as the input to a D flip-flop and is also provided 
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as an external pin (DOUT) for testing. The hysteresis 
level is determined by the voltage applied to the HYS 
pin. The voltage applied to the HYS pin can be either 
a fixed voltage or a percentage of the voltage at the 
DIN+/- inputs. 


HYSTERESIS LEVEL CONTROL 


In level qualification, hysteresis comparator eliminates 
errors due to low level additive noise. 32P4720/4721 
allows two implementations of hysteresis: fixed hyster- 
esis threshold or DIN tracking hysteresis threshold. 
Fixed hysteresis threshold can be simply done by a 
setting a DC voltage at HYS pin, such as from a resistor 
divider from VCC to GND. The hysteresis threshold at 
the comparator can be computed as: Hysteresis Gain 
x Vuys. For high performance system application, how- 
ever, fixed hysteresis threshold is not recommended. 


DIN tracking hysteresis has the advantages of shorter 
write-to-read recovery time and lower probability of error 
with input amplitude drop out. The hysteresis threshold 
is designed as a percentage of the DIN peak voltage. 
This technique can be implemented by feeding the 
LEVEL output, through a resistor divider network, to the 
HYS pin. The LEVEL output, amplified peak capture of 
DIN voltage, can be computed as: Level Gain x V (DIN 
+DIN-). With the resistor divider, a fraction of the LEVEL 
output is presented at the HYS pin. The hysteresis 
threshold, as a function of DIN, can be summarized as: 
Level Gain x Resistor Dividing Ratio x Hysteresis Gain 
x V(DIN + DIN-). For a typical case of 1 Vpp differential 
at DIN+ input, assume equal value resistors in the 
divider network, the hysteresis threshold is 1.0 x 0.50 x 
0.36 x 1V = 0.18V. This represents 36% hysteresis on 
a1 Vpp signal. While boththe Level Gain and Hysteresis 
threshold vs HYS bear a moderate tolerance due to 
typical process variations, they inversely track each 
other to yield a much tighter hysteresis threshold in a 
closed loop. In designing the hysteresis threshold, the 
nominal Level Gain and Hysteresis Gain values should 
be used. The tolerance on DIN tracking hysteresis 
threshold is specified as the Tracking Hysteresis Toler- 
ance in the specification. 


While the external resistor divider ratio determines the 
hysteresis threshold, the total resistance and the peak 
Capture Capacitor should be optimized for the system 
data rate. The RC time constant must be small enough 
to allow goodresponse to changing DIN + peak-to-peak, 
but large enough to provide aconstant hysteresis thresh- 
old in each level qualification. 
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CLOCK PATH (TIME QUALIFICATION) 


The input signal at the CIN+/- pins goes through a 
differentiator circuit that converts signal peaks to zero 
crossings. The zero crossings are used to trigger a bi- 
directional one-shot that serves as the clocking input for 
the D flip-flop in the data path. The COUT pin is provided 
as atest point for monitoring the output of the one-shot. 
The differentiator function is provided by external com- 
ponents connected between the DIF+ and DIF- pins of 
the device. The transfer function from CIN+/- to the 
comparator input is: 


AV = (-3536 x CS) / (LCS? + C(R + 52)S + 1), 
where C, L, and R are external components 
15pF < C < 125pF, and S = jw = jenf 


During normal operation, the time channel clocks the D 
flip-flop on every positive and negative peak of the CIN+/ 
- input. 


When the SSI 32P4720/4721 is used with an external 
filter that provides differentiated outputs (such as those 
of the SSI 32F8011 or SSI 32F8020), the differentiated 
outputs of the filter can be AC coupled to the CIN+/- 
inputs of the SSI 32P4720/4721. The differentiator 
components on the DIF +/- pins can then be replaced by 
a 2 KQ external resistor. 


WRITE MODE OPERATION 


In the Write Mode, the SSI 32P4720/4721 pulse detec- 
tor circuitry is disabled and preset for the Read Mode. 
The digital circuitry is shut-down to conserve power. The 
AGC amplifier gain is held at the previous value and the 
AGC input impedance is reduced. This reduces the 
write-to-read recovery time of the device and allows for 
improved settling of the coupling capacitors between 
the SSI 32P4720/4721 and the read/write preamplifier 
(such as the SSI 32R1200R.) The coupling capacitors 
should be as small as possible to allow for rapid settling 
while providing adequate bandwidth. 


SERVO BURST CAPTURE 


The SS! 32P4720/4721 provides a servo signal and an 
associated servo reference voltage. The SER_OUT pin 
is a rectified version of the DIN+/- input signal that can 
be used by an external servo demodulator circuit (such 
as the SSI 32H4631.) The SER_REF pin provides a 
reference voltage for the SER_OUT signal. The magni- 
tude of the servo signal is the difference between the 
signal at the SER_OUT pin and the reference voltage at 
the SER_REF pin. 
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Additional servo support is provided by the SSI32P4720/ 
4721 through the RDIO pin. In the Servo Mode of 
operation, this pin provides a TTL output of the pulse 
detector read data. 


DATA SEPARATOR 


The SSI 32P4720/4721 is designed to perform data 
recovery and data encoding in rotating memory sys- 
tems which utilize a 1,7 RLL encoding format. In the 
Read Mode the SSI 32P4720/4721 performs Data 
Synchronization, Sync Field Search and Detect, 
Address Mark Detect, and Data Decoding. In the Write 
Mode, the SSI 32P4720/4721 converts NRZ data into 
the 1,7 RLL format described in Table 2, performs 
Write Precompensation, generates the Preamble 
Field, and inserts Address Marks as requested. 


The SSI 32P4720/4721 can operate with data rates 
ranging from 8 to 24 Mbit/s. This data rate is estab- 
lished by a single 1% external resistor, RR, connected 
from pin IREF to VPA2. This resistor establishes a 
reference current which sets the VCO center fre- 
quency, the phase detector gain, andthe 1/3 cell delay. 
The value of this resistor is given by: 


RR as ~2.4(kQ) (32P4720) 


93 
RR=—— -1.7(kQ) (32P4721 
pat“ tke) ) 


where: DR = Data Rate in Mbit/s. 


For zoned recording applications an external current 
DAC (such as that provided in the SSI 32D4661) can 
be directly connected to the IREF pin. The current 
required to set a given data rate would be determined 
by: 


| ,, = 4.3/ [(77.4/DR) - 1.57] (mA) (32P4720) 


nN = 4.3/ [(93/DR) - 1.17] (mA) (32P4721) 
Areference clock, operating at 3x the data rate, gener- 
ates the standby reference for the PLL. Either an 
attenuated external TTL compatible reference or an 
AC coupled ECL source may be applied to FREF. 


The SSI 32P4720/4721 employs a Dual Mode Phase 
Detector; Harmonic in the Read Mode and Non Har- 


monic in Write and Idle Modes. In the Read Mode the. 
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Harmonic Phase Detector updates the PLL with each 
occurrence of a DYLD DATA pulse. In the Write and 
Idle modes the Non-Harmonic Phase Detector is con- 
tinuously enabled, thus maintaining both phase and 
frequency lock. By acquiring both phase and frequency 
lock to the crystal reference oscillator and utilizing a 
zero phase restart technique, false lock to delayed data 
is eliminated. 


The phase detector incorporates a charge pump in 
order to drive the loop filter directly. The polarity and 
width of the output current pulses correspond to the 
direction and magnitude of the phase error. 


The READ. GATE (RG), and WRITE GATE (WG) 
inputs control the device mode. 


RG is an asynchronous input and may be initiated or 
terminated at any position on the disk. WG is also an 
asynchronous input, but should not be terminated prior 
to the last output Write Data pulse. 


READ OPERATION 


The Data Synchronizer utilizes a fully integrated fast 
acquisition PLL to accurately develop the decode win- 
dow. Read Gate, RG, initiates the PLL locking se- 
quence and selects the PLL reference input; a high 
level (Read Mode) selects the RD input and a low level 
selects the crystal reference oscillator. 


Inthe Read Mode the falling edge of DRD enables the 
Phase Detector while the rising edge is phase com- 
pared to the rising edge of the VCO. As depicted in 
Figure 3, DRD is a 1/3 cell wide (TVCO) pulse whose 
leading edge is defined by the leading edge of RD. A 
decode window is developed from the VCO clock. 
Shifting the phase of the VCO clock effectively shifts 
the relative position of the DRD pulse within the decode 
window. Decode window control is provided via the WS 
controls. 


In Non-Read Modes, the PLL is locked to the external 
reference clock. This forces the VCO to run at a 
frequency which is very close to that required for 
tracking actual data and thus minimizes the associated 
frequency step during acquisition. When the reference 
input to the PLL is switched, the VCO is stopped 
momentarily, then restarted in an accurate phase 
alignment with the next PLL reference input pulse, and 
the VCO clock divider is reset. 
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SOFT SECTOR 


The disk operation lock sequence in Read Mode for 
Soft Sector Operation is shown below. 


70", 7 “O", 11 "0", 11 "0" 


_ | re ENABLE 


ADDRESS MARK DETECT 


In Soft Sector Read Operation the SSI 32P4720/4721 
must first detect an address mark to be able to initiate 
the rest of the read lock sequence. An address mark for 
the SSI 32P4720/4721 consists of two (2) 7 “O” pat- 
terns followed by two 11 “O” patterns. To begin the read 
lock sequence the Address Mark Enable (AMENB) is 
asserted high by the controller. The SSI32P4720/4721 
Address Mark Detect (AMD) circuitry then initiates a 
search of the read data (RD) for an address mark. First 
the AMD looks for a set of 6 “O’s” within the 7 “0” 
patterns. Having detected a 6 “0” the AMD then looks 
fora9 “0” set within the 11 “0O’s." If AMD does not detect 
9 “0's” within 5 RD bits after detecting 6 “0's” it will restart 
the Address Mark Detect sequence and look for 6 “0's.” 
When the AMD has acquired a6 “0,”9 “O” sequence the 
AMD transitions low. AMD will remain low for the dura- 
tion of AMENB. When AMENB is released, AMD will be 
released by the SS! 32P4720/4721. 


PREAMBLE SEARCH 


After the Address Mark (AM) has been detected a 
Read Gate (RG) can be asserted initiating the remain- 
der of the read lock sequence. When RG is asserted an 
internal counter counts transitions of the incoming 
Read Data, (RD looking for 3 consecutive ‘3T’s). Once 
the counter reaches count 3 (finds (3) consecutive 3T 
preamble) the internal read gate enables switching the 
phase detector from the reference oscillator to the 
delayed Read Data input (DRD); at the same time a 
zero phase (internal) restart signal restarts the VCO in 
phase with the DRD. This prepares the VCO to be 
synchronized to data when the bit sync circuitry is 
enabled after VCO lock is established. 


VCO LOCK & BIT SYNC ENABLE 


When the internal counter counts 16 more “3T” or a 
total of 19 positive transitions from RG enable, an 
internal VCO lock signal enables. The VCO lock signal 
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activates the decoder bit synchronization circuitry to 
define the proper decode boundaries. Also, at count 
19, the RRC source switches from the external refer- 
ence clock to the VCO clock signal which is phase 
locked to DRD. The VCO is assumed locked at this 
point. Amaximum of 2 RRC time periods may occur for 
the RRC transition, however, no short duration glitches 
will occur. Also at this time, the VCOD line is brought 
low to disable the external reference clock and reduce 
jitter. Two additional “ST” are required for internal bit 
sync. After the bit sync circuitry sets the proper decode 
window (VCO in sync with RRC and RRC in sync with 
data) NRZ is enabled and data is toggled in to be 
decoded for the duration of the read gate. 


HARD SECTOR 


19"3T" 2“3T" 
3X VCO BIT Se. St 
LOCK SYNC ID/ECC DATA 
| RG ENABLE 


In hard sector operation a low AMENB disables the 
SSI 32P4720/4721’s Address Mark Detection circuitry 
and AMD remains inactive. A hard sector read opera- 
tion does not require an address mark search but starts 
with a preamble search as with soft sector and se- 
quences identically. In all respects, with exception to 
the address mark search sequence, hard sector read 
operation is the same as soft sector read. 


WRITE MODE 


In the Write Mode the SSI 32P4720/4721 converts 
NRZ data from the controller into 1,7 RLL formatted 
data for storage on the disk. The SS! 32P4720/4721 
can operate with a soft or hard sector hard drive. 


In soft sector operation the device generates a 
“7,7, 11, 11” Address Mark, and a preamble pattern. 


In the hard sector operation the device generates a 
19 x “3T” preamble pattern but no preceding Address 
Mark. The NRZIN pin must be kept low for the duration 
of the preamble pattern. The NRZ input data is clocked 
on the rising edges of WCLK. 


Write precompensation circuitry is provided to 
compensate for media bit shift caused by intersymbol 
interference. The SSI 32P4720/4721 recognizes 
specific write data patterns and can add or subtract 
delays in the time position of write data bits to 
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counteract the read back bit shift. The magnitude of the 
_ time shift, TPC, is determined by an external resistor on 
the WCS pin and by value of write precomp register. 


The SSI 32P4720/4721 performs write precompensa- 
tion according to the algorithm outlined in Table 4. 


SOFT SECTOR 


In soft sector operation, when Read Gate (RG) transi- 
tions low, VCO source and RRC source switch from RD 
and VCO/3, respectively, to the external reference 
clock. At the same time the VCO (internal) lock goes 
inactive but the VCO is locked to the external reference 
clock. After a delay of 1 NRZ time period (min) from RG 
low, the Write Gate (WG) can be enabled while NRZIN 
is maintained (NRZ write data) low. The Address Mark 
Enable (AMENB) is made active (high) a minimum of 1 
NRZ time period later. The Address Mark (consisting of 
7 “0's,” 7 “O’s,” 11 “O’s,"11 “O’s”) and the 19 x “ST” 


1,7 RLL DATA 


RD 


vco/2 * 


PHASE DET 
ENABLE * 


Preamble is then written by WD. While the preamble is 
being written, the encoder is active. Therefore, WCLK 
must be clocking in an all “O” NRZIN pattern. The first 
non-zero NRZIN input bit indicates the end of the 
preamble pattern. After a delay of 10-12 NRZIN bit time 
periods, non preamble data begins to toggle out WD. 
Finally, at the end of the write cycle, 16 bits of blank NRZ 
time passes to ensure the encoder is flushed of data; 
WG goes low. WD stops toggling a maximum of 2 NRZ 
time periods after WG goes low. 


HARD SECTOR 


In hard sector operation, when read gate (RG) transi- 
tions low, the write Sequence is the same as the soft 
sector operation except the AMENB (address mark 
enable) is kept low. | 


The SSI 32P4720/4721 then sequences from RG dis- 
able to WG enable and NRZIN input is active as in soft 
sector operation. 


NRZ BIT CELL {}$————————>.________-+ 


NOTE: * Denotes internal signal 


FIGURE 3: Data Synchronization Waveform 
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| | 
a ee SS Ee Se fF 
| 


| PRESENT 


R= X= KOK KeX 
Y1 1,7 CODE 
Gee ane Leany Aee A 
PREVIOUS | | NEXT 
CODE WORD | | | | CODE WORD 
LAST BITS FIRST BIT 
| | 


1 WORD BIT 


FIGURE 4: NRZ Data Word Comparision to 1, 7 Code Word Bit (See Table 1, for Decode Scheme) 


vee i a i ee i er a, ce 


THnaz | 'snaz 


FIGURE 5: WG Timing Requirement for Predictable Write Encoding 


A decodable write pattern will always be generated, regardless of the phasing of WG. However, a repeatable 
write pattern will be generated only if WG satisfies the same WCLK setup and hold requirements as the 
NRZIN data. 
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TABLE 1: Decode Table 


DECODED DATA 


< 
jun 
< 
OQ 
Q 
< 
Lu 
or 
Q 
Lu 
OQ 
O 
O 
= 
Lu 


Present 


Previous 


TABLE 2: Encode Table 


< 
fan 
< 
Q 
Lu 
a 
ao 
= 
Q 
Lu 
Q 
Oo 
O 
= 
Lud 


7?) 
a} 
2 
> 
® 
pe 
oO 


NRZ DATA 


= Don't Care 


NOTE: X 
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TABLE 3: Clock Frequency 


[we [Re [vooner | Ano 
To [0 | Frere | Frers | Frere | Frere | IDLE _ 
To f+} FO | voos | veo | rere | READ 
Tio | Frere | rer | rere | ener | ware 


Note 1: Until the VCO locks to the new source, the VCO/2 entries will be 
FREF/2. 

2: Untilthe VCO locks to the new source, the VCO/3 entries will be 

FREF/3. 


|DECCLK | ENCCLK | MODE | 


TABLE 4: Write Precompensation Algorithm 


BIT COMPENSATION 


pmst | ne 
1 
0 


NONE 


NONE 
EARLY 


Bit n is time shifted (delayed) from its nominal 
time position towards the bit n+1 time position. 


EARLY: Bit nis time shifted (advanced) from its nominal 
time position towards the bit n-1 time position. 
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MODE CONTROL 


The operating modes of the SSI 32P4720/4721 are controlled with the RG, WG, AMENB, and. PWRON pins 
and by bits in the test mode control register and power mode control register. The SSI 32P 4720/4721 has three 
operating modes: Read Mode, Write Mode and Servo Mode. In addition, there are the idle Mode and Sleep 
Mode for reduced power consumption. , 


Power Down. All functions of the device 
are powered down. The serial port must 
be reprogrammed en returning from 
‘this mode. 


Sleep Mode. All functions of the device 
are powered down except the serial port 
registers. Data is retained in the registers. 


Servo Mode. The AGC is active, the data 
- separator is powered down, and rectified 
AGC data is available at the SER_OUT 
pin. The RDIO output buffer can be made 
active to monitor servo timing data. 


Test Mode. The RDIO pin is set as an 
input buffer. TTL read data can be driven 
into the RDIO pin to test the data separa- 
tor. AMENB pin determines hard/soft sec- 
tor mode. 


Address mark search mode. The AMD pin 
is driven high, the AGC is active, the VCO 
is locked to the external reference, NRZ is 
Hi-Z, and the data separator searches for 
the address mark pattern. 


Read Mode. The AGC is active, the VCO 
switches from external reference to inter- 
nal DRD after detection of 3 x 3T patterns. 
After 19 x 3T the RRC switches from the 


and the NRZ output is made active. 


Illegal state. RG should not be made 
active until after the AMENB pin is re- 
| leased. 
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external reference to the internal DRD 


Idle Mode. AGC is active, VCO is locked 
to the external reference clock. 
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MODE CONTROL (continued) 


POWER DOWN MODES 


The SSI 32P4720/4721 provides three power saving 
modes to support servo only and shut-down operations. 
In the Servo Mode, the pulse detector and servo 
circuitry is operational while the data separator circuitry 
is placed into power down mode. Operating power in 
this mode is 235 mW. In the Sleep Mode, the registers 
in the serial port remain powered-up so that 
programming information is retained. Operating power 
in this mode is 40 mA. For complete shut-down, a 
power down mode is provided that removes power 
from all circuits in the device. During this mode, the 
serial port registers are powered down and programming 
data must be rewritten to the device upon coming out 
of Power Down Mode. Power dissipation in Power 
Down Mode is less than 15 mW. 


SERIAL PORT OPERATION 


The SSI 32P4720/4721 provides a simple serial port 
interface that allows programming of the device’s inter- 
nal registers. The write-only serial port is a three-line 
interface that requires an enable signal (SDEN) along 
with clock (SCLK) and data (SDATA) signals to pro- 
gram the internal registers of the SSI 32P4720/4721. 
Data is shifted into the registers in 8-bit bytes that are 
divided into four bits of address and four bits of data. To 
load data into the device, the enable pin (SDEN) is 
asserted for eight clock cycles during which data can 
be presented on the SDATA input pin. Data on the 
SDATA pin is clocked into the device on the falling 
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the external reference. An address mark 
and preamble pattern are generated, WD 


WR 
DWN 
1 Write Mode. The AGC gain is held and the 
input impedance is reduced, NRZ pin is 
Hi-Z, and the VCO is locked to the exter- 
nal reference. A preamble pattern is gen- 
erated, WD is active, NRZIN data is en- 
coded. 
1 Write Address Mark. The AGC gain is 
is active, NRZIN data is encoded. 
1 Illegal state. RG and WG should not be 
made active at the same time. 
edges of the clock signal provided on the SCLK pin. 
The falling edge of SDEN latches the data internally 
and intitiates the function selected. To save power the 
serial port circuitry is powered down when the SDEN 
line is low. Because of this, there is a minimum set-up 
and hold time for the SDEN signal (refer to specifica- 


held and the input impedance is reduced, 
NRZ pinis Hi-Z, and the VCO is locked to 

tions.) Address mapping for the serial port is as fol- 

lows: 


SERIAL PORT ADDRESS MAP 


Register Function 

Test Mode Control Register 
Write Precomp Control Register 
Window Shift Control Register 
Power Mode Control Register 


Note: At Power-Up, all register bits are reset to “0.” 
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TEST MODE CONTROL REGISTER MAPPING 


REGISTER BIT FUNCTION | 7 | | | 


Selects the signal source for the VCOR, VCO_CLK, and DRD test pins. 
“Q” VCOR pin = VCOR “4” VCOR pin = phase detector pump-down 
DRD* pin = DRD* DRD* pin = phase detector pump-up 

VCO_CLK pin = VCO_CLK VCO_CLK pin = Disable detector 


Controls the test buffers on VCOR, VCO_CLK, and DRD test pins. 
“0” = test buffers disabled 
“1” = test buffers enabled 


Selects the data separator input source. 
“0” = Pulse detector data input to the data separator 
“1” = RDIO input data to the data separator 


Selects the source of the test point signals for VCOR, VCO_CLK, and DRD. 
“0” = VCO signals are available 
“1” = FREF signals are available 


No write precompensation selected 
Minimum precompensation (1X) 


Maximum precompensation (7X) 


Controls the phase detector. 
“0” = Normal phase detector operation 
“1” = Phase detector disabled (coast mode) 


No window shift selected 
Minimum window shift selected (1X) 


Maximum window shift selected (16X) 


Selects the window shift direction 
“Q” = Early window shift 
“1” = Late window shift 


Controls the RDIO TTL output buffer (subordinate to the Test Mode Control — 
Register bit XOXX.) | 

“0” = RDIO buffer disabled (Hi-Z) 

“1” = RDIO buffer enabled 


Controls the “Servo” power down mode. 
“0” = Selects normal operation 
“4” = Selects Servo Mode. The data separator is powered down. 


Controls the chip “Sleep” power down mode. 
“0” = Selects normal operation | 
“4” = Selects Sleep Mode. Only the serial port registers are powered up. 
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PIN DEFINITION (PRELIMINARY) 


TYPE DESCRIPTION 


AGC Reference. Voltage level input for setting the signal level for the read data 
AGC loop. 


Analog ground pin for the data separator section. 
Analog ground pin for the pulse detector section. 
Digital ground pin for the pulse detector section. 


Address Mark Enable. Active High level TTL input that enables the address mark 
detect and generation circuitry. This pin has an internal pull-up resistor. 


Bypass. AnAGC timing capacitor is connected between this pin and AGND1 to set 
the AGC gain control. 


Clock Inputs. Analog input signals to the differentiator in the pulse detector clock 
Circuit. 


Digital ground for TTL output buffers. 


Data Inputs. Analog input signals to the hysteresis comparator and full-wave 
rectifier circuits of the pulse detector. 


AGC 


AGND 

AGND3 
AGND4 
AMENB 


BYP 


CIN+, CIN- 


DGND 
DIN+, DIN- 


nv 
DD 
mM 
| 


Frequency reference input for the internal PLL. 


HOLD Active low TTL compatible input that holds the present AGC gain value. 

HYS Hysteresis Level. Voltage level input that sets the trip level for the hysteresis — 
comparator. 

IN+, IN- Analog input data from the read/write preamplifier. 

IREF Current input for programming the VCO center frequency, phase detector gain, 
and the 1/3 cell delay. Current can be set with an external resistor to VPA2 or by 
an external current DAC. 

WCS Write Precompensation Set. Pin for reference current to set the write 


precompensation magnitude value. A resistor is connected from WCS to VPA. 


/O Read Data Test Point. Bidirectional test pin that is a TTL compatible read data 
output during servo mode and a read data input during the test mode. Intest mode, 
a read data signal applied to this pin goes into the data separator, bypassing the 
pulse detector circuit. 


Analog input for adjusting the window symmetry. An external resistor connected 
between this pin and VPA@ provides magnitude control of the window shift 
symmetry. 


Read Gate. Ahigh TTL level selects read mode and enables the PLL to lock to the 
incoming read data. A low level allows the PLL to lock to the external reference 
signal at FREF. 


D D 


SCLK 


TTL compatible. Serial port clock input used for clocking in data onthe SDATA pin. 
The clock source for this pin should be externally gated with the SDEN signal. 


TTL compatible. Serial port input data. 
TTL compatible. Serial port enable input. 


SDATA 
SDEN 
PWRON 


Active high TTL input signal that enables the device. When this pin is brought low 
it puts the device into a complete power down mode. 


+5V analog power input. 


VPA‘ 
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PIN DEFINITION (PRELIMINARY) (Continued) 


NAME sss TYPE | DESCRIPTION _ oe : 
VPA1 +5V analog power supply for data separator. 
VPA2 , Sa +5V digital power supply for data separator. 


VPAS Le +5V power supply for pulse detector. 


'VPA4 Te +5V digital power supply for pulse detector. 
VPD 


+5V digital power for TTL output buffers 


NRZ Input Data. TTL compatible NRZ write data input. 


Write Clock. TTL level clock that is synchronous with the data on NRZIN pin. 
Write Gate. Active high TTL compatible input that enables the write mode. 


Address Mark Detect. Active low level TTL compatible signal that indicates successful 
detection of an address mark during read mode. High impedance when in write mode. 


G) 


Sieiz2z 

Vv 
|5|8 |2 
A iz 


> 
= 
Oo 


Test point signal for monitoring the output of the pulse detector clock flip-flop. An ] 
external pull-down resistor is required to use this pin (5kQ) 

Pins for implementing the external differentiator network for the pulse detector 
Clocking circuit. | 

Test point signal for monitoring the output of the pulse detector data flip-flop. An 
external pull-down resistor is required to use this pin (5kQ) 
A multiplexed open emitter test signal. When RG is high the output is the DRD signal 
from the 1/3 cell delay. When RG is low the output is the PLL reference clock. 
External pull-up and pull-down resistors are required to use this pin. They should be 
disconnected during operation to reduce power consumption. 


This is the output of the phase detector to which the loop filter must be connected. 


Open emitter output from the full-wave rectifier that can be used for the HYS pin input 
voltage. 

TTL compatible NRZ output data that is synchronous to the read reference clock. 
Differential outputs of the AGC amplifier. 


Full-wave rectified output of the signal appearing at the DIN+ inputs. 


Read Reference Clock. TTL compatible clock that is synchronous to NRZ out data 
during read mode. During write mode the RRC is the FREF divided by three. 

READ/WRITE. TTL level output that is an inverted version of the WG input pin. This 
output can be used to control the external read/write amplifier. 
Open emitter test point output of the VCO clock. External pull-up and pull-down 


resistors are required to use this pin. They should be disconnected during operation 
to reduce power consumption. 


DIFF+, DIFF- 


DOUT 


LEVEL 


OUT+, OUT- 
SER_OUT 


VCO_CLK 


Sr: 
al 5 


VCOD VCO Disable. Active Low TTL compatible output signal that is used to disable the 
external reference signal at FREF during the read mode. The signal is asserted in 
read mode after the PLL has locked to incoming read data. 

SER_REF Reference voltage output for the servo signals. 


TTL compatible encoded write data output for the read/write preamplifier. 


Open emitter test point output of the VCO reference signal. External pull-up and pull- 
down resistors are required to use this pin. They should be disconnected during 
operation to reduce power consumption. 


ii 
DD 
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ELECTRICAL SPECIFICATIONS 


Recommended operating conditions apply unless otherwise specified. 


ABSOLUTE MAXIMUM RATINGS 
Operation outside these rating limits may cause permanent damage to this device. 


PARAMETER RATING UNIT 
5V Supply Voltage, VPA, VPD 6.0 
Pin Voltage (Analog pins) _ -0.3 to VPA, + 0.3 
Pin Voltage (All others) -0.3 to VPD + 0.3 V 

or +12 mA 


Storage Temperature -65 to 150 


Lead Temperature (Soldering 10 sec.) 


RECOMMENDED OPERATING CONDITIONS 
Currents flowing into the chip are positive. 


PARAMETER CONDITIONS | MIN | 
4.75 
25 


Supply Voltage (VPA & VPD) 
Junction Temperature, Tj heed 135 
Ambient Temperature, Ta | oo f | 


POWER SUPPLY 


PARAMETER CONDITIONS 


IVPA Supply Current Outputs unloaded; 
IVPD PWRON = high or open 


Power dissipation Ta = 25°C, outputs unloaded 
SERVO Bit = 1 
SERVO Bit = 1 


PWRON = low, 
Outputs unloaded 


ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, 4.75V< VCC <5.25V, 12 MHz< 1/TORC <24 MHz, 30 MHz< 1/TVCO <72 MHz, 
0 °C< Ta <70 °C. 


High Level Input 
Voltage 


Low Level Input 


Voltage —_— 
High Level Input VIH = 2.4V 
Current 


Low Level Input VIL = 0.4V 
Current 
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ELECTRICAL CHARACTERISTICS (continued) | 
Unless otherwise specified, 4.75V< VCC <5.25V, 12 MHz< 1/TORC <24 MHz, 30 MHz< 1/TVCO <72 MHz, 
°C< Ta <70 °C. 


PARAMETER CONDITIONS | | 


0 
VOH High Level Output IOH = 400 LA 
Voltage 
VOL Low Level Output lIOL=4mA 
| Voltage 


FREF — Input Low Current | VIL = 0.4V 


FREF Input High VIH = 2.4V 
VOHT _ Test Point 2620 to VPD 


Output High Level 402Q to DGND 
DRD, VCO REF, VCO CLK) VPD = 5.0V 


VOLT Test Point | 262Q to VPD 
Output Low Level 402Q to DGND 
DBD, VCO REF, VCO CLK} VPD = 5.0V 


PULSE DETECTOR SPECIFICATIONS 


READ MODE (AVG is high) 


AGC Amplifier 

Unless otherwise specified, recommended operating conditions apply. Input signals are AC coupled to IN+ and 
amplitude is between 25 mVpp & 250 mVpp differential. OUT+ are loaded differentially with >600Q, and each 
side is loaded with < 10 pF to AGND, and AC coupled to DIN+. A 2000 pF capacitor is connected between BYP 


and AGND. AGC pin is open. 


Gain Range 1.0 Vpp < (OUT+) - (OUT-) V. 
< 3.0. Vpp | 


Output Offset Voltage Variation Over entire gain range | mv | 


Maximum Output Set by BYP pin Vpp 
Voltage Swing THD < 5% 


Differential Input Resistance (IN+) - (IN-) = 100 mVpp .O 


@ 2.5 MHz 


Differential Input Capacitance (IN+) - (IN-) = 100 mVpp 
@ 2.5 MHz 


Common Mode Input R/W = high | 


m 
k 
p 
k 
m 


Impedance R/W = low 50 
Input Noise Voltage Gain set to maximum VHz 


Bandwidth | -3 dB bandwidth at M 
maximum gain 


| OUT+ & OUT- Pin Current No DC path to AGND 3 


Z 


N 
V 
p 
Q 
F 
Q 
H 
A 
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AGC Amplifier (Continued) 


PARAMETER CONDITION 
CMRR (Input Referred) (IN+) = (IN-) = 100 mVpp 
@ 2.5 MHz, gain set to max 
PSRR (Input Referred) VPA1, 2 = 100 mVpp 
@ 2.5 MHz, gain set to max 


(DIN+) - (DIN-) Input 25 mVpp < (IN+) - (IN-) < 250 mVpp, 
Swing vs. AGC Input HOLD = high, 

0.5 Vpp < (DIN+) - (DIN-) $ 1.5 Vpp 
25 mVpp < (IN+) - (IN-) 
< 250 mVpp 


AGC open 


(DIN+) - (DIN-) = OV 
Starts at 0.9 ps after R/W 
goes high, stops at 1.8 us 
after R/W goes high 
HOLD = low 
(DIN+) - (DIN-) = 0.8 VDC, 
vary AGC until slow charge 
begins 
(DIN+) - (DIN-) = 0.8 VDC, 
Vacc = 3.0V 
[(DIN+ )- (DIN —)] 
[( DIN+ )— (DIN— )] FINAL 
(IN-+) - (IN-) = 250 mVpp to 
125 mVpp @ 2.5 MHz, 
(OUT+) - (OUT-) to 90% final 
value 
(IN+) - (IN-) = 50 mVpp to 
25 mVpp at 2.5 MHz 
(OUT+) - (OUT-) to 90% 
final value 
R/W = low to high 
(IN-+) - (IN-) = 250 mVpp 
@ 2.5 MHz, (OUT+) - (OUT-) 
to 110% final value 


(DIN+) - (DIN-) Input Voltage 
Swing Variation 


AGC Voltage 
AGC Pin Input Impedance 
Slow AGC Discharge Current 
Fast AGC Discharge Current 


AGC Leakage Current 
Slow AGC Charge Current 


Fast AGC Charge Current 


Fast to Slow Attack 
Switchover Point 


Gain Decay Time (Td) 


Gain Attack Time 


WRITE MODE (WG is high) 
Common Mode Input 250 Q 
Impedance 
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HYSTERESIS COMPARATOR 


Unless otherwise specified, recommended operating conditions apply. Input (DIN+) - (DIN-) is an AC coupled, 
1.0 Vpp, 2.5 MHz sine wave. 0.5 VDC is applied to the HYS pin. R/W pin is high. 


| PARAMETER CONDITIONS 


_ Differential Input Resistance 


Differential Input Capacitance 
Common Mode Input 
Impedance (Both Sides) 


Level Gain 


Level Pin Output Voltage 
vs. (DIN+) - (DIN-) 


Level Pin Output Offset Voltage 


Level Pin Output Impedance 


Level pin Maximum 
Output Current 


(DIN+) - (DIN-) = 100 mVpp 
6 2.5 ie 


(DIN+) - (DIN-) = 100 mVpp 
o 2.5 MHz 


0.6 Vpp < (DIN+) - (DIN-) 
< 1.5 Vpp, 10K Seen 
LEVEL and AGND 


10 kQ between level 


and AGND 
| ILEveL = 0.2 MA 


0.3V<HYS < 1.0V 
0.5V<HYS < 1.5V 


ACTIVE DIFFERENTIATOR 


HYS pin at AGND 
< 1.5 kQ across DIN+ 


5 kQ from DOUT to GND 
5 kQ from DOUT to GND 


Unless otherwise specified, recommended operating conditions apply. Input (CIN+) - (CIN-) is an AC-coupled, 
1.0 Vpp, 2.5 MHz sine wave. 100Q in series with 65 pF are tied from DIF+ to DIF-. 


Input Signal Range 
Differential Input Resistance 


Differential Input Capacitance 


Common Mode Input Impedance 


Voltage Gain From 
CIN+ to DIF+ 


Vppd 


(CIN+) - (CIN-) = 100 mVpp 
@ 2.5 MHz 


(CIN+) - (CIN-) = 100 mVpp 
@ 2.5 MHz 


Both sides 


(DIF+ to DIF-) = 2kQ 


5-108 


1191 - rev. 


SSI 32P4720/4721 
Pulse Detector & 
Data Separator 


ACTIVE DIFFERENTIATOR (continued) 


Unless otherwise specified, recommended operating conditions apply. Input (CIN+) - (CIN-) is an AC-coupled, 
1.0 Vpp, 2.5 MHz sine wave. 100Q in series with 65 pF are tied from DIF+ to DIF-. 


Differentiator impedance must 
be set so as to not clip the 
signal for this current level 


COUT Pin Output Pulse Width 


SERVO BURST CAPTURE 


PARAMETER CONDITIONS a 
SERV_REF DC Pin Level 


SERV_OUT to 
SERV_REF Offset DIN+ shorted to DIN- 


SERV_OUT Level vs. V(SERV OUT - SERV REF) 
AGC Pin Voltage V(AGC) 


= 1.0 Vp/V 


SERV_OUT Level vs. V(SERV OUT - SERV REF) 
DIN+ - DIN- Pin Voltage. V(DIN+ - DIN-) 


= 1.0 Vp/Vpp 


Allowable Load Impedance Equivalent parallel 
SERV_OUT or SERV_REF to GND] resistance and capacitance 


Fast Charge Switch | Ous | Fast Charge Switch | Qus | 
| 
| 


| 
| 
| 
| 


| | 
| 
i eerasrae ne ok ie ae 
(DIN+ ~ DIN-) | | 


| | 
A eee a 
| | | Fast | Slow 


Fast Slow Discharge Discharge 
Charge Charge 


Figure A: AGC Attack Sequence Figure B: AGC Decay Sequence 


FIGURE 7: AGC Timing Diagram 
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QUALIFIER TIMING 


Uniess otherwise specified, recommended operating conditions apply. Inputs (CIN+) - (CIN-) and (DIN+) - 
(DIN-) are in-place as a coupled, 1.0 Vpp, 2.5 MHz sine wave. 100Q in series with 65 pF are tied from DIF+ 
to DIF-.0.5V is applied to the HYS pin. COUT and DOUT each have a5 kQ pull-down resistor (fortest purposes 
only.) R/W pin is high. 


PARAMETER CONDITIONS 


Td1 D Flip-Flop Set Up Minimum allowable time 
Time delay from (DIN+) - (DIN-) 
exceeding hysterisis 
point to (DIF+) - (DIF-) 
hitting a peak value. 


Td3 Propagation Delay From positive peak to RDO* 
output pulse 

Td4 Propagation Delay From negative peak to RDO" 
output pulse 


+HYSTERESIS LEVEL 


V(CIN+) ~ (CIN-) 
and 0 
V(DIN+) — (DIN-) 


—HYSTERESIS LEVEL 


VDOUT 
V (DIN+ — DIN-) 


DIFFERENTIATOR 
COMPARATOR OUTPUT 


VcouT 


al pl | 


RD OUTPUT 


FIGURE 8: Read Mode Digital Section Timing Diagram 
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DATA SEPARATOR SPECIFICATIONS 


DYNAMIC CHARACTERISTICS AND TIMING 
READ MODE (See Figure 9) 


TFRC Read Clock Fall Time 


>20 - 24 Mbit/s 
TNS,TNH NRZ (out) Set Up/ 12 - 20 Mbit/s 


Hold Time >20 - 24 Mbit/s 


TPNRZ NR2Z (out 
Propogation Delay 


TPAMD AMD Propogation Delay) —=S*=~SN 


AMD Set Up and Hold Time 
(TAS, TAH) 


1/3 Cell Delay 


TD = 3.6 (RR+1.7) 
2.1kQ<RR< 6.1 kQ 


WRITE MODE (Design Targets) (See Figure 10) 


2TOWC/3 
TC = 3.52 (RC + 0.53) - +TPC +5 
RC = kQ 


TFWD ~~ Write Data Fall Time 
TSNRZ NRZIN Set up Time 


THNRZ NRZIN Hold Time 


TPWD_ Write Data 


Position Accuracy 


TPC Precompensation 
Time Shift 


Magnitude 


TP= 0.22M (RC + 0.53) 


RC (MIN) = TBD 


RC (MAX) = TBD, 
M = Value programmed in 
write precomp control register 


Accuracy 
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INPUT REQUIREMENTS 


| MAX | UNIT | 


TRWC Write Data Clock 0.8V to 2.0V : 
Rise Time Ci. < 15 pF 
TFWC Write Data Clock 2.0V to 0.8V 
Fall Time C.< 15 pF 


TXPW _ Reference Clock 
Pulse Width 


Reference Clock 
P-P Amplitude 


TVCO VCO Center VCO IN = 2.7V 
Frequency Period | VCC =5.0V 
TO =3.6 (RR + 1.7) 
2.1kQ<RR<6.1kQ 
RR. = (93/DR) —1.7 kQ (4721)) 
77.4 
RRz DA 2.1 kQ (4720) 
VCO Frequency 
Dynamic Range 


KVCO VCO Control Gain wo = 2n/TO 
1V < VCO IN < VCC 0.6V 


Phase Detector KD= 0.22/(RR+530) Read Mode | 
Gain . = 0.11/(RR+530) Non-Read Mode 
VCC= 5V, PLL REF = RD 3T (‘100’) Pattern 


Decode Window 
Centering Accuracy 


Decode Window 


DESIGN CHARACTERISTICS (Design Information Only) 


KVCO x KD Product 
Accuracy 


VCO Phase Restart Error Referred to RRC TBD 
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NRZ (OUT) 


AMD 


FIGURE 9: Read Timing 


FIGURE 10: Write Timing 
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DILL-S 


“AOI- LELL 


PREAMBLE 
7 °0* 7°0" 11 °O" 11 "0" “3T" PATTERNS 


1 0000000 1} 00; 1] 00] 14 00 


CASE 1 


1 ENCODED DATA 


Me TIME MAX DELAY 


AMENB 
TIMING 
AMD MIN | 
amen ; 6 "0" 9°0" = 6 "0" & 9 "0" 
TRISTATE BISTABLE DETECT DETECT RISTATE DETECT i st 


CASE 2 


| CASE 3 


6 “O" 9 "0" 
TRISTATE *——— BISTABLE DETECT DETECT TRISTATE 


If 5 bits of RD are detected after 6 “O" are found and before 9 “O" then restart and look for 6 "0." 


RD EXAMPLE 
7 "oO" 


\> RESTART 


FIGURE 11: Address Mark Search 
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QLL-S 


‘AOI- LOLL 


0 3 19 


{ASSERT) | a 
RG 


tty 


ZERO PHASE 


RESTART 


VCO IN 


* 
VCO LOCK 
MAX 
2RRC 2RRC 2 RRC 
PERIODS PERIODS PERIODS 


1ST NON-ZERO 
TRANSITION 


(ENABLE) 
DISABLE 


* 
BIT SYNC SEARCH 


(VCO CLK** ) 
* FREF CLOCK 
RRC 


SOURCE 


kk 
DLYD RO 
* 
PHASE DET SOURCE 
FREF CLOCK 


INT COUNTER 
0 3 19 


* = -Internal Source 
** = -Test Point 


FIGURE 13: Read Mode Locking Sequence (Soft and Hard Sector) 


10}e1edas ejeg 
*® 10}09]8Qg aSjiNd 
LeZp/OeLrdceé ISS 


“AG1- LOLL 


ZEL-S 


WG 
(INTERNAL) 


AMENB 


1 NRZ MIN 


| +) 27 NRZ MAX 


TIMING BETWEEN AMENB & START OF WONRZ TIMING 
MUST MEET TIME REQUIREMENTS OF WRITE DATA. 


| 


AM 


ENC DATA 


AM ENC DATA AM 


FIGURE 14: Multiple Address Mark Write 


ENC DATA 


AM 


ENC DATA 


JoJe1edas e}eEGg 


® 10]9919q asind 


LeZv/0cLtdct ISS 


8L4-S 


“AQL- LELL 


WG 


MIN 38 NRZ IF NO oH 
AMENB 
WG 1 NRZ MIN 
(INTERNAL) e— 27 NRZ 
MAX MIN OF 62 NRZ RECOMMENDED 
t————_——_— ("001° PATTERNS) 


1 NRZ 
MIN 
AMENB , 


MAX OF 3 X 3T (1,7) DELAY TO SYNC AMENB 
TO INTERNAL STATE MAX OF 5 NRZ DELAY 


5 NRZ PAD TO 
FLUSH ENCODER 


11°0° 


11 °0* 


+ ADDRESS MARK PREAMBLE —4— ENCODED DATA 
(19x 3T PATTERN) 
VCO IN 


WONRZ 
VCO LOCKS BUT VCO LOCK SIGNAL WILL STAY INACTIVE ; 


VCO FREF 
source FAO—<— FRE 


RRC vco FREF 
SOURCE —3- —€—- —3- 


m= AKA KX 
nee ae PERIODS 


FIGURE 15: Write Data 
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NG See eel So 


eee TDS = 1 NRZ MIN jet sy TD10 = 1 NRZ MIN 


ea nc (EG) cere CSN 


RRC 


TOC2 | 


WCLK 


NFZIN cantly A, Oy, ee aN 


TOs 


TD9 = 14 NRZ min 
TD6= TBD f—— 10? ¥| 1b7~ TaD Tos = 2 NRZ max 
wo I EP eee Le 


FIGURE 16: Write Mode NRZ Data Timing 


CLOCK 


SERIAL 
PORT 


VO_DIFF |: 


LOOP 
FILTER 


TO/FROM 
CONTROLLER 


Vcc 


FIGURE 17: Typical Setup for Zoned Recording Application 
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SSI 32P4720/4721 
Pulse Detector & 
Data Separator 


PACKAGE PIN DESIGNATIONS 
(Top View) 


8&1] SDATA 
SCLK 
1] PWRON 
&(] SDEN 
&1] AGND 
£1) VPA4 
8/1] AGND4 
8[] BYP 
1} INe 


81] IREF 
1 RS 
sh VPAt 


27 [] SER_OUT 
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§2-Pin PLCC 52-Pin QFP 
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DESCRIPTION 


The SSI 32P4730 device is a high performance BiCMOS 
single chip read channel IC that contains all the func- 
tions needed to implement a complete zoned recording 
read channel for hard disk drive systems. Functional 
blocks include the pulse detector, programmable filter, 
4-burst servo capture, time base generator, and data 
separator with 1,7 RLL ENDEC. Data rates from 8 to 
24 Mbit/s can be programmed using an internal DAC 
whose reference current is set by a single external 
resistor. 

Programmable functions of the SSI 32P4730 device 
are controlled through a bi-directional serial port and 
banks of internal registers. This allows zoned record- 
ing applications to be supported without changing 
external component values from zone to zone. 

The SSI 32P4730 utilizes an advanced BiCMOS pro- 
cess technology along with advanced circuit design 
techniques which result in a high performance device 
with low power consumption. 


FEATURES 

GENERAL: 

¢ §8-24 Mbit/s data rate (controlled by internal 
DAC) 

¢ Complete zoned recording application support 

¢ Low power operation (<400 mW typical @ 5V) 

¢ Bi-directional serial port for register access 

¢ Register programmable power management 
- Sleep mode <5 mW (Design goal:< 1 mW) 

¢ Power supply range (4.3 to 5.5 volts) 

¢ Small footprint 64-pin TQFP package 

PULSE DETECTOR: 

¢ Fast attack/decay modes for rapid AGC 
‘recovery 

¢ Dual rate charge pump for fast transient 
recovery 

¢ Low Drift AGC hold circuitry supports 
programmable gain, non-AGC operation 

¢ Temperature compensated, exponential control 
AGC 


SSI 32P4730 
Single Chip 
Read Channel 


Advance Information 


December 1991 


¢ Wide bandwidth, high precision full-wave 
rectifier 

¢ Dual mode pulse qualification circuitry (user 
selectable) 

¢ TTLRbDIOsignal output for servotiming support 

¢ Timing for LOW-Z and fast decay functions set 
internally 

e 0.5 ns max. pulse pairing with sine wave input 

¢ 4-burst servo capture 

e Provision for on-chip switching of the 
hysteresis threshold time constant 

PROGRAMMABLE FILTER: 

e Programmable cutoff frequency of 3 to 9 MHz 

e Programmable boost/equalization of 0 to 13 dB 

e¢ Matched normal and differentiated outputs 

e +10% Fc accuracy 

e +2% maximum group delay variation 

e Less than 1.5% total harmonic distortion 

e Low-Z input switch 

e No external filter components required 

TIME BASE GENERATOR: 

e Better than 1% frequency resolution 

e Independent M and N divide-by registers 

¢ VCO center frequency matched to data 
synchronizer VCO 

DATA SEPARATOR: 

¢ Fast acquisition phase lock loop with zero 
phase restart technique 

e Integrated 1,7 RLL Encoder/Decoder 

¢ Fully integrated data separator 
- No external delay lines or active devices 


required 
- Noexternal active PLL components required 
e Programmable decode window symmetry 
control via serial port 
- Window shift control + 30% 
- Includes delayed read data and VCO clock 
monitor points 


¢ Hard and soft sector operation 
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DESCRIPTION 


The SSI 32P4740 device is a 5-volt single chip read 
channel IC that contains all the functions needed to 
implement a high performance read channel. Func- 
tional blocks include the pulse detector, programmable 
filter, 4-burst servo capture, time base generator, and 
data separator with 1, 7 RLL ENDEC. Data rates from 
16 to 48 Mbit/s can be programmed using an internal 
DAC whose reference current is set by a single exter- 
nal resistor. 

Programmable functions of the SSI 32P4740 device 
are controlled through a bi-directional serial port and 
banks of internal registers. This allows zoned record- 
ing applications to be supported without changing 
external component values from zone to zone. 


The SSI 32P4740 utilizes an advanced BICMOS pro- 
cess technology along with advanced circuit design 
techniques which result in a high performance device 
with low power consumption. 


FEATURES 

GENERAL: 

¢ 16-48 Mbit/s data rate (controlled by internal 
DAC) 

*¢ Complete zoned recording application support 

e Low power operation (600 mW typical @ 5V) 

¢ Bi-directional serial port for register access 


¢ 9 bit bi-directional NRZ bus 
- 8 data bits plus 1 parity bit 


¢ Register programmable power management 
- Sleep mode < 5 mW (Design goal: < 1 mW) 


e¢ Power supply range (4.3 to 5.5 volts) 

¢ Small footprint 100-pin TQFP package 

PULSE DETECTOR: 

¢ Fastattack/decay modes for rapid AGCrecovery 
¢ Dualrate charge pump for fast transient recovery 


¢ Low Drift AGC hold circuitry supports 
programmable gain, non-AGC operation 

¢ Temperature compensated, exponential control 
AGC 
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¢ Wide bandwidth, high precision full-wave 
rectifier 


¢ TTL RDIO signal output for servo timing 
support 


¢ Timing for LOW-Z and fast decay functions set 
internally 


e 0.5 ns max. pulse pairing with sine wave input 

¢ 4-burst servo capture 

¢ Provision foron-chip switching ofthe hysteresis 
threshold time constant 

PROGRAMMABLE FILTER: 

¢ Programmable cutoff frequency of 5 to 18 MHz 

¢ Programmable boost/equalization of 0 to 13 dB 

¢ Matched normal and differentiated outputs 

¢ +10% Fc accuracy 

e +2% maximum group delay variation 

e Less than 1% total harmonic distortion 

¢ Low-Z input switch 

e No external filter components required 

TIME BASE GENERATOR: 

¢ Greater than 1% frequency resolution 

¢ Independent M and N divide-by registers 


¢ VCO center frequency matched to data 
synchronizer VCO 

DATA SEPARATOR: 

e Fastacquisition phase lock loop with zero phase 
restart technique 

* Integrated 1,7 RLL Encoder/Decoder 


e Fully integrated data separator 
- No external delay lines or active devices 
required 
- No external active PLL components required 
¢ Programmable decode window symmetry 
control via serial port 
- Window shift control +30% 
- Includes delayed read data and VCO clock 
monitor points 


¢ Hard and soft sector operation 
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DESCRIPTION FEATURES 


The SSI 32H116A is a high performance differential ° Narrow gain range 
amplifier applicable for use as a preamplifier for the 
magnetic servo thin film head in Winchester disk ° 50 MHz bandwidth 


drives. ¢ 1BM 3370/3380-compatible performance 


¢ Operates on either IBM-compatible voltages 
(8.3V) or OEM-compatible (10V) 


¢ Packages include 8-pin Plastic DIP and SON 


e SSI 32H1162 available to operate with a 12V 
power supply 


BLOCK DIAGRAM PIN DIAGRAM 


VCC 


INPUT 1 (+) | 1 | 8 | SEE NOTE 


INPUT (+) OUTPUT! (+) eaene - 
INPUT2 (-) OUTPUT2 (-) SEE NOTE 1 ead 6 | OUTPUT 2 (-) 


vEE | 4 | Fs | OUTPUT 1 () 


VEE 
8-Pin PDIP, SON 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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SSI 32H116A 
Differential Amplifier 


ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 


RECOMMENDED OPERATING CONDITIONS 


[PARAMETER | conpirions | MIN | NOM| Max | UNIT | 
Supply Vottage(vec-veze) | | 7a | 8.3 | ts | VI 
ne 


psi 321162 ony 10.8 
Input Signal Vin an a 
Ambient Temp TA pt 


ELECTRICAL CHARACTERISTICS 
Tj = 15 °C to 125 °C, (VCC-VEE) = 7.9V to 10.5V (to 13.2V for 32H1162) 


PARAMETER CONDITIONS 


Gain (Differential) Vin = 1mVpp, 
TA = 25 °C, f= 1 MHz 


Bandwidth (3dB) Vin = 1mVpp, Ct = 15 pF 


Gain Sensitivity (Supply) 


| Gain Sensitivity (Temp.) 15°C < TA < 55°C 


Input Noise Voltage Input Referred, Rs = 0 
Input Capacitance (Differential) Vin = 0, f = 5 MHz 


Input Resistance (Differential) 


Common Mode Vin = 100 mVpp, f = 1 MHz 
Rejection Ratio Input Referred | 


Power Supply VEE + 100 mVpp, f = 1 MHz 46 
Rejection Ratio Input Referred 
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Differential Amplifier 


ELECTRICAL CHARACTERISTICS (Continued) 


Input Dynamic 
Range (Differential) 


AC input voltage where 
gain falls to 90% of its small 
signal gain value, f = 5MHz 


Single Ended Output Capacitance 


rs ar ae 
Power Supply Current | veo-ver=915v | | 8 
pvecver=-11v | | | ae | ma 
| VoC-VEE=132v, a2Httezony | | 39 


Input DC Vottage | CommonMode || Veew2.6] 
Input Resistance Common Mode PT got 


APPLICATIONS INFORMATION 


CONNECTION DIAGRAM RECOMMENDED LOAD CONDITIONS 


Input is directly coupled to the head 
2. Cc’s are AC coupling capacitors 


Rui’s are DC bias and termination resistors, 
10002 recommended 


4. REQ. represents equivalent load resistance 


5. Ceramic capacitors (0.1 F) are recommended 
for good power supply noise filtering 
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PACKAGE PIN DESIGNATIONS 
(Top View) 


VEE | 4 | | 5 | OUTPUT 1 (+) 


8-Pin PDIP, SON 


NOTE : Pin must be left open and not connected to any circuit etch. 


ORDERING INFORMATION 


PART DESCRIPTION 


H1162A 
-8-Pin PDIP 32H1162A-CP 
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DESCRIPTION FEATURES 
The SSI 32H523AR Read/Write device is a bipolar e High performance: 
monolithic integrated circuit designed for use with a Read mode gain = 250 V/V 
two terminal thin film recording head. It provides a low Input noise = 1.0 nV/VHz max. 
noise read amplifier and write current control. In its Input capacitance = 45 pF max. 
servo application, the device will be used in write mode Write current range = 10 mA to 40 mA 


once then switched permanently to read mode. Data 
protection is provided in both write and read modes to Write current rise time = 13 nsec 
guarantee servo data security. Power supply fault : lofd it ided 
protection is effective in both write and read modes Highest level of data security provide 
while head short circuit protection is provided inwrite © Power supply fault protection 

mode. Further data security canbe providedinread , Head to ground short circuit protection 
mode by removing the write current source voltage. It 
requires +5V and+12V power supplies andisavailable ° +5V, +12V power supplies 
in a 14-pin SON surface mount package. Internal 

1000Q damping resistors are provided. 


Head voltage swing = 3.4 Vpp min. 


BLOCK DIAGRAM PIN DIAGRAM 


VDD VCC1 GND VCC2 


R/W 


HDX 
HDY 


RDX 
RDY 


14-PIN SON 


WRITE 
CURRENT 
SOURCE 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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Thin Film Single Channel 
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CIRCUIT OPERATION 


The SSI 32H523AR provides write drive or read 
amplification. Mode control is accomplished with pins 
WDM, Write Data Mode, and R/W, as shown in Table 
1. An internal resistor pullup on R/W will force the 
device into a non-writing condition if the line is opened 
accidentally. 


WRITE MODE 


The write mode configures the SSI 32H523AR as a 
differential current switch. The WDM pin state 
determines whether write current transitions are 
controlled by a single-ended TTL input, WDI, or by 
differential (ECL-like) inputs, WD! and WDI. With 
WDM open, write current is toggled between the X and 
Y direction of the head on each high to low transition on 
pin WDI, Write Data Input. A preceding read operation 
initializes the Write Data Flip-Flop (WDFF) to pass 
write current in the X-direction of the head. 


With WDM grounded the head current direction is 
controlled by differential inputs WD! and WDI. For 
(WDI - WDI) > 200mV the current is in the X-direction. 


The magnitude of the write current (0-pk) given by: 


where Vwc (WC pin voltage) = 1.65V + 5%, is 
programmed by an external resistor Rwc, connected 
from pin WC to ground. The actual head current Ix, y 
is given by: 


lw 


Ix, y= ——_____ 
1+ Rh/Rd 


where: 
Rh = head resistance + external wire resistance, and 
Rd = damping resistance. 


6-6 


Power supply fault protection improves data security 
by disabling the write current generator during a 
voltage fault or power supply sequencing. In addition 
ahead to ground short circuit protection circuit will shut 
off the write driver and current to prevent excessive 
current and power dissipation. Triggering of this 
feature occurs when the DC voltage at either HDX or 
HDY is less than 2.0V + 15% in write mode 


READ MODE 


The read mode configures the SSI 32H523AR as a low 
noise differential amplifier and deactivates the write 
current generator. The RDX and RDY outputs are 
open collectors. 


In read mode, the write data channel is powered down 
to reduce power consumption. Note that in write mode, 
the read amplifier is deactivated and will not pull any 
Current from the load resistor. 


For maximum data security in read mode VCC2 is left 


open or grounded. This eliminates the voltage source 
for write current. 


TABLE 1: Mode Select 


wou [nw [wove 
GND Write 
Differential input 

a ae 


Write 
Single-ended input 


1291 - rev. 


SSI 32H523AR 
Thin Film Single Channel 
Servo Read/Write Device 


PIN DESCRIPTIONS 


ee 
| |__| Write Data in: toggles the direction of the head current | 


Write Data Mode: Ground this pin for direct differential input using both 
WDI and WDI, leave open to select TTL input using WDI and the internal 
Write Data Flip-Flop. 


+5V logic circuit supply 
+12V supply for read 


Note: To ensure maximum data integrity in write-once servo applications, this pin should be left open or 
shorted to ground after writing servo information. 


ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 
Operation above absolute maximum ratings may permanently damage the device. 


PARAMETER 


DC Supply Voltage -0.3 to +14 
voc, 2 0.3047 
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RECOMMENDED OPERATING CONDITIONS 


PARAMETER 


SYMBOL VALUE UNITS |. 
DC Supply Voltage Read Mode | vpp | 12+ 10% 
vec 


voD ha ness 

Write Mode 12 + 5% | voc 
veot | 55% | OC 

L a | 

a a ey 


Output Pullup Resistors (to VCC1) Rf te 
T 
+ 


- 
Ambient Temperature Read Mode 
| | WriteMode | Taw | 20-43 
Operating Junction Temperature 0 to +135 ber ad 


PARAMETER CONDITIONS 
VDD Supply Current Read Mode 
VCC1 Supply Current Read Mode 


VCC2 Supply Current Read Mode, see Note 1 
Write Mode 


ace Hea 

ae Gece 

a ee 

eae eae 

i ee 

Power Dissipation (Tj=+135°C) | ReadMode,VCC2=0 | - | - | 
fee Penasco —[ 
=open | = | = 

a ee 

| 200 | - | 

85 | - | 

raf 

=p 


Input Voltage (WDI, WD!) 
rvooFautvotage | 
Fvecirautvotage 


Write Mode 0< VDD < 8.5V 
0<VCC1<3.5V 


Head Current 
(HDX, HDY) 


| Write Mode | VCC2 = open or ground 
| Read Mode | 0<VCC1<5.5V 
0< VDD < 13.2V 


Note 1: If VCC2 is at ground or open this current is zero. 
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WRITE CHARACTERISTICS 
Unless otherwise specified, recommended operating conditions apply, lw = 15mA, Lh = 1.5uH, Rh = 30Q 


f(DATA) = 5MHz, and +20°C < Tj < + 135°C 


reams =i coworions ‘wm | ow | wa 
[wornvonasewe | *dC ef 
al Cs Sees ee 

ee 

Pot - | « 


Differential Output Capacitance Pe 
Write Current Range | 


READ CHARACTERISTICS 
Unless otherwise specified, recommended operating conditions apply, CL (RDX, RDY) < 20pF 


PARAMETER 


BW=15MHz, Lh=0 nH, R =0Q 
Vin = 1mVpp, f = 5MHz 
Vin = 1mVpp, f = 5MHz 


AC input voltage where gain falls 
to 90% of its small signal gain 
value, f=5MHz 


Vin = OVDC+100mVpp @ 5MHz 54 
100m Vpp @ 5MHz on VDD 54 
100m Vpp @ 5MHz on VCC1 


*VCC1 - 0.42 
**VCC1 - 1.0 
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SSI 32H523AR 
Thin Film Single Channel 
Servo Read/Write Device 


SWITCHING CHARACTERISTICS (See Figure 1) 
Unless otherwise specified, recommended operating conditions apply, Iw=15mA, Lh= 1 5 pH, Rh= 30Q, 
f(DATA) = 5MHz, and +20°C < Ta < : +43°C 


2) 
oO 
= 
= 
= 
Oo 
= 
” 
Cc 
Ae 
=| 
” 


PARAMETER 


R/W to Read Mode Delay to 90% of 100mV 10MHz 
- Read signal envelope or to 90% 


decay of write current 


Head Current 


Prop. Delay - TD1 From 50 % points, Lh=Oyh, Rh= oo} - | 3 ons | 
Asymmetry Input has 50 % duty cycle and 1 
Ins rise/fall time, Lh=Ouh, Rh=0Q 


Rise/Fall Time 10% - 90% points, Lh=Ouh, Rn=0Q 


(WDM =-Open) 


—p| 10: 
HEAD 


CURRENT 
( Ix - ly) 


(WDM = GND) 


FIGURE 1: Write Mode Timing Diagram 
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PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 


JUMPER DURING 


SERVO HEAD 
SSI 32H523AR 


LEAVE OPEN AFTER 
WRITING SERVO 


FIGURE 2: Typical Application FIGURE 3: 14-Pin SON 


ORDERING INFORMATION 


PART DESCRIPTON ORDER NO. | PKG.MARK 
SSI 32H523AR Servo Read/Write IC 32H523AR-CN 32H523AR-CN 
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DESCRIPTION 


The SSI 32H566R Read/Write device is a bipolar 
monolithic integrated circuit designed for use with 
center-tapped ferrite recording heads. It provides alow 
noise read amplifier, write current control and data 
protection circuitry for a single channel. The 
SSI 32H566R provides internal 750Q damping resis- 
tors. Power supply fault protection is provided by 
disabling the write current generator during power 
sequencing. System write to read recovery time is 
significantly improved by controlling the read channel 
common mode output voltage shift in the write mode. 


BLOCK DIAGRAM 


VDD1 VCC GND VDD2 VCT 
a 


CENTER 
TAP 
DRIVER 


VOLTAGE | WRITE 


FAULT CURRENT 
DETECTOR "| SOURCE 


WC 
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FEATURES 


High performance: 

- Read mode gain = 150 V/V 

- Input noise = 1.5nV/VHz max. 

- Input capacitance = 20 pF max. 

- Write current range = 10 mA to 40 mA 
Enhanced system write to read recovery time 
Power supply fault protection 
Designed for center-tapped ferrite heads 
Programmable write current source 
TTL compatible control signals 
+5V, +12V power supplies 


Socket compatible with the SSI 32H523R 


PIN DIAGRAM 


HDX 
HDY 


CAUTION: Use handling procedures necessary for 
a static sensitive component. 


SSI 32H566R — 
Ferrite Single-Channel 
Servo Read/Write Device 


CIRCUIT OPERATION 


The SSI 32H566R provides center-tapped ferrite head 
write drive or read amplification. Mode control is ac- 
complished with pin R/W._ Internal resistor pullups, 
provided on pin R/W, will force the device into a non- 
writing Condition if a control line is opened accidentally. 


WRITE MODE 


The write mode configures the SSI 32H566R as a 
current switch. Write current is toggled between the X 
and Y side of the selected head on each high to low 
transition of the Write Data Input (WDI). 


The magnitude of the write current (0-pk) is pro- 
grammed by an external resistor RWC, connected 
from pin WC to ground and is given by: 

w= _K_ 


Rwc 
where K is the Write Current Constant. 


Note that actual head current Ix, y is given by: 


lw 


kx,y=-_———_—_ 
1+ Rh/Rd 


Where: Rh = Head resistance plus external wire 
resistance 


Rd = Damping resistance 


PIN DESCRIPTIONS 


HDX, HDY 
RDX, RDY 


DESCRIPTION 


| TvPE 
|_| Readwrite-AhightevelselectsReadMode 
/ 1 [write DATA I- Negative ranstion toggles direction of head curent 
| WO | XyYheadconnections Cid 
0 [X.Y READ DATA-Diterenialeadsigraloupat 
rw | 1 | WRITE CURRENT. Usedto set the magnitude ofthe wie curent 
/ 0 [VOLTAGE CENTER TAP- Votage source forhead cotertap 
ae kt RENEE 
SS ee 
=| Pestv power supp forthe contort votage source 
|= | GROUNDS CCS 
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Power supply fault protection improves data security 
by disabling the write current generator during a volt- 
age fault or power supply sequencing. 


To reduce internal power dissipation, an optional exter- 
nal resistor, RCT, given by RCT < 130 x 40/Iw (Iw in 
mA), is connected between pins VDD1 and VDD2. 
Otherwise connect pin VDD1 to VDD2. 


To initialize the Write Data Flip Flop (WDFF) to pass 
currentthrough the X-side of the head, pin WDI mustbe 
low when the previous read mode was commanded. 


READ MODE 


The read mode configures the SSI 32H566R as a low 
noise differential amplifier and deactivates the write 
current generator. The RDX and RDY outputs are 
emitter followers. These outputs should be AC coupled 
to the load. The RDX, RDY common mode voltage is 
maintained in the write mode, minimizing the transient 
between write mode and read mode, substantially 
reducing the write to read recovery time in the subse- 
quent pulse detection circuitry. 
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SSI 32H566R 
Ferrite Single-Channel 
Servo Read/Write Device 


ELECTRICAL CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS 

All voltages referenced to GND. Currents into device are positive. Maximum limits indicate when perma- 
nent device damage occurs. Continuous operation at these levels is not intended and should be limited 
to those conditions specified in the DC Operating Characteristics. 


PARAMETER RATING 


-0.3 to +14 
-0.3 to +14 
-0.3 to +7 


VIN Digital Input Voltage Range 
VH Head Port Voltage Range 
[lw Write Current (pk) | 
RDX, RDY (lo) Output Current a re 
a ee 


VCT Output Current 


-10 

Storage Temperature Range -65 to 150 °C 
rr. 

° 


PARAMETER CONDITIONS “aw | Nom] max. | UNIT 
Pf to | 120 
vec DC Suppy Vote | | a8 (| 50 


RCT* RCT Resistor lw = 40 mA 123 137 
lw Write Current (0-pk) 


qj Junction Temperature +2 
Range 


“For lw = 40 mA. At other Iw levels refer to Applications Information that follo 


ws this specification. 
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SSI 32H566R 
Ferrite Single-Channel 
Servo Read/Write Device 


DC CHARACTERISTICS (Recommended operating conditions apply unless otherwise specified.) 


POWER SUPPLY 


PARAMETER 


VCC Supply Current 


Write Mode 
Read Mode 


Write Mode, Iw = 40 mA, 
RCT = 0Q 


Write Mode, Iw = 40 mA, 
RCT = 130Q 


DIGITAL I/O 


PARAMETER CONDITIONS | NOM | 
ViL_inputtowVotage | 


VIH Input High Voltage 
HL Input Low Current 
HH Input High Current 


WRITE MODE 


PARAMETER CONDITIONS MIN | | MAX | | 
VCT Center Tap Voltage — Write Mode | fez || 


Head Current (per side) Write Mode, 


0< VCC <3.7V, 


0<VDD1<8.7V i 
| WriteCurrentRange | CidE tT | 
[wie Curent Constante | SSSSCS*~*dt 
Fiwcio Head Curen'Gan | SSS 
a 
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SSI 32H566R 
Ferrite Single-Channel 
Servo Read/Write Device 


WRITE MODE (Continued) 


RDX, RDY Common Mode Write/idle Mode 

Output Voltage 
RDX, RDY Leakage RDX, RDY = 6V 
Write/idle Mode 


i a 


READ MODE 


VCT Center Tap Voltage Read Mode 


Head Current (per side) Read or Idle Mode 
0< VCC <5.5V 
0 < VDD1 < 13.2V 


Input Bias Current (per side) fee ee 2 en 
Output Offset Voltage Read Mode -615 


Common Mode Output Voltage Read Mode 4.5 


DYNAMIC CHARACTERISTICS AND TIMING 
(IW =35 mA, Lh= 10 pH, f(WDI) = 5 MHz, CL(RDX, RDY) < 20 pF. Recommended operating conditions apply 
unless otherwise specified.) 


WRITE MODE 


PARAMETER 


Differential Head Voltage Swing 
Differential Output Capacitance 


READ MODE 


Vin = 1 mVpp @ 300 KHz 
ZL(RDX), ZL(RDY) = 1 KQ 


Dynamic Range AC Input Voltage, Vi, @ 300 KHz 


Differential Output 
Resistance 
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Where Gain Falls by 10%. 
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SSI 32H566R 
Ferrite Single-Channel 
Servo Read/Write Device 


READ MODE (Continued) 


PARAMETER ~ 


[Zs] < 5Q, Vin = 1 mVpp 


BW = 15 MHz, 
Lh=0, Rh=0 
Differential Input Capacitance f = 5 MHz | 


Differential Input f = 5 MHz 
Resistance 


Output Current 


SWITCHING CHARACTERISTICS —_—«j ae OO OO 

PARAMETER conomions | mI | nom | MAX | UNT 

RW | 

R/W To Write Mode Delay to 90% of 
Write Current 
Delay to 90% of 
100 mV. 10 MHz Read 
Signal Envelope or 


to 90% decay of 
Write Current 


R/W to Read Mode 


Head Current (Lh = OuH, Rh = 0Q) 


Prop Delay - TD1 From 50% points, WDI to I(x-y) 


Asymmetry | WDI has 50% duty cycle and 
| 1 ns Rise/Fall Time 


10% - 90% points 
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SSI 32H566R 
Ferrite Single-Channel 
Servo Read/Write Device 


APPLICATIONS INFORMATION ters. Notice that under the conditions of worst case 
input noise, the higher read back signal resulting from 


the higher input impedance can compensate for the 
higher input noise. Accounting for this correlation in 
your analysis will be more representative of actual 
performance. 


The specifications, provided in the data section, ac- 
count for the worst case values of each parameter 
taken individually. In actual operation, the effects of 
worst case conditions on many parameters correlate. 
Tables 3 & 4 demonstrate this for several key parame- 


TABLE 3: KEY PARAMETERS UNDER WORST CASE INPUT NOISE CONDITIONS 


PARAMETER Tj=25°C 
Inputs Noise Voltage (max.) oe oe 


Differential Input Resistance (min.) 


Differential Input Capacitance (max.) 


PARAMETER Tj=25°C Tj=125°C 

Inputs Noise Voltage (max.) | ose | 12 | 
Differential Input Resistance (min.) a 
Differential Input Capacitance (max.) | 401 | 103 
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SSI 32H566R 
Ferrite Single-Channel 
Servo Read/Write Device 


SEE NOTE 3 


L SEE NOTE 1 


RCT 


0.1 pF 


SEE NOTE 3 


MICROPROCESSOR 
Zz LOGIC 


0.1 pF 


ae 


vec vVDD1 VDD2 VCT 


SUPPORT 


SSI 32H566R 
HDY 


AGC 
AMPLIFIER 


SS! 32H6210 SERVO DEMODULATOR 


SEE NOTE 4 
RWC 


NOTES 

1. An external resistor, RCT, given by; RCT < 130 (40/lw) where Iw is the zero-peak write current in mA, 
can be used to limit internal power dissipation. Otherwise connect VDD2 to VDD1. 

2. Limit DC current from RDX and RDY to 100 pA and load capacitance to 20 pF. 


. The power bypassing capacitor must be located close to the device with its ground returned directly 
to device ground, with as short a path as possible. 


. To reduce ringing due to stray capacitance this resistor should be located close to the device. Where 
this is not desirable a series resistor can be used to buffer a long WC line. 


FIGURE 2: Typical Application 
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SSI 32H566R 
Ferrite Single-Channel 
Servo Read/Write Device 


PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 


RDX | | 1 14] | VDD1 
RDY | | 2 13] | HDX 
RW 113 12] | HDY 
GND | | 4 11] | VCT 
N/C || 5 10} | we 
N/C || 6 9] | VDD2 
WDI | | 7 || vec 


14-Pin SON 


THERMAL CHARACTERISTICS: @ja = 130 °C/W 


ORDERING INFORMATION 


PART DESCRIPTION | ORDER NO. | PKG. MARK 
SSI 32HS66R Servo Ferrite Single Channel Read/Write Device | 
14-Pin SON 32HS66R-N 32HS66R-N 


Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations and 
are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 


Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 


a EE IE MS TT I I SIO TETAS a I TDP SSE SSA SSB EST RECA TEC TEE TE ET ET NES TI EOD IL ESTE I ATT AE EET 
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DESCRIPTION 


The SSI 32H569 Servo Motor Driver is a bipolar device 
intended for use in Winchester disk drive head posi- 
tioning systems employing linear or rotary voice coil 
motors. When used in conjunction with a position 
controller, such as the SSI 32H6220 Servo Controller, 
and a position reference, such as the SSI 32H6210 
Servo Demodulator, the device allows the construction 
of a high performance, dedicated surface head posi- 
tioning system. 


The SSI 32H569 serves as a transconductance ampli- 
fier by driving 4 MOSFETs in an H-bridge configura- 
tion, performs motor current sensing and limits motor 
current and velocity. In its linear tracking mode, class 
B operation is guaranteed by crossover protection 
circuitry, which ensures that only one MOSFET in each 
leg of the H-bridge is active. The MOSFET drivers are 
disabled when motor velocity or current exceed exter- 
nally programmable limits. In addition, automatic head 
retraction and spindle braking may be initiated by a low 
voltage condition or upon external command. 
(Continued) 


BLOCK DIAGRAM 


|VEL~ VREF| >VREF- VL 


ACCELERATION 
(CURRENT SENSE) 
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SSI 32H569 


Servo Motor Driver 


December 1991 


FEATURES 


¢ Predriver for linear and rotary voice coll 
motors 


¢ Interfaces directly to MOSFET H-Bridge motor 
driver 


¢ Class B linear mode and constant velocity 
retract mode 


¢ Precision differential amplifier for motor 
current sensing 


¢ Motor current and velocity limiting circuitry 


¢ Automatic head retract and spindle braking 
signal on power failure 


¢ External digital enable 


¢ Servo loop parameters programmed with 
external components 


e Advanced bipolar IC requires under 240 mW 
from 12V supply 


¢ Available in 20-pin DIP or SO packaging 


PIN DIAGRAM 


ERR VCC 


ERR - LOWV 
ERR + EN 
VREF OUTA 
SOUT OUTB 
VEL - SE1 
VEL SE2 
BRK OUTD 
SE3 OUTC 


GND VLIM 


20-Pin SO, DIP 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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Servo Motor Driver 


DESCRIPTION (Continued) 


The SSI 32H569 is implemented in an advanced bipo- 
lar process and dissipates less than 240 mW from a 
12V supply. The IC is available in 20-pin DIP and 
20-pin SO packaging. 


FUNCTIONAL DESCRIPTION 
(Refer to block diagram and typical application Fig.2) 


The SSI 32H569 has two modes of operation, linear 
and retract. The retract mode is activated by a power 
supply failure or when the control signal EN is false. 
Otherwise the device operates in linear mode. 


During linear operation, an acceleration signal from the 
servo controller is applied through amplifier A1, whose 
three connections are all available externally. RC 
components may be used to provide loop compensa- 
tion at this stage. The ERR signal drives two precision 
amplifiers, each with a gain of 8.5. The first of these 
amplifiers is inverting, and is formed from opamp A4, 
an on-chip resistor divider and an off-chip complemen- 
tary MOSFET pair. The second is non-inverting, and is 
formed in a similar manner from opamp A5. Feedback 
from the MOSFET drains, on sense inputs SE1 and 
SE3, allows the amplifiers gains to be established 
precisely. The voice coil motor and a series current 
sense resistor are connected between SE1 and SE3. 


Crossover protection circuitry between the outputs of 
A4 and Ad, and the external MOSFETs, ensures class 
B operation by allowing only one MOSFET in each leg 
of the H-bridge to be in conduction. The crossover 
separation threshold, illustrated in Figure 5, is the 
maximum drive on any MOSFET gate when the motor 
voltage changes sign. The crossover circuitry can also 
disable all MOSFETS simultaneously (to limit motor 
Current or velocity) or apply a constant voltage across 
the motor (to retract the heads at a constant velocity). 


Motor current is sensed by a small resistor placed in 
series with the motor. The voltage drop across this 
resistor is amplified by a differential amplifier with a 
gain of 4 (A2 and associated resistors), whose inputs 
are SE1 and SE2. The resulting voltage, SOUT, is 
proportional to motor current, and hence acceleration. 
This signal is externally fed back to A1, so that the 
signal ERR represents the difference between the 
desired acceleration (fromthe servo controller) andthe 
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actual motor acceleration. If SOUT is integrated, using 
opamp A3 and an external RC network, the resulting 
signal, VEL, is proportional to the motor velocity. 


Both SOUT and VEL are connected to window com- 
parators, which are used to detect excessive motor 
current or velocity. The comparator outputs disable the 
MOSFET drivers until the motor comes within limits 
again. The VLIM pin may be used to program the 
voltage limits for the window comparators. The maxi- 
mum voltage excursion allowed about VREF is (VREF- 
VLIM). An on-chip resistor divider sets a default value 
for VLIM and if VLIM is connected to ground, the 
windowing is effectively disabled. 


The SSI 32H569 has low voltage monitor circuitry that 
will detect a loss of voltage on the VREF, VCC or 
LOWV pins. The power supply pin, VCC, should be 
connected to the disk drive’s spindie motor so that its 
stored rotational energy may be used to hold up VCC 
briefly during a power failure. LOWV is used to detect 
a system power supply failure. When a low voltage 
condition is detected, the MOSFET drivers switch from 
linear operation to retract mode. In this mode a con- 
stant voltage is applied across the motor which will 
cause the heads to move at a constant speed. A 
mechanical stop must be provided for the heads when 
they reach a safe location. The current limiting circuitry 
will disable the MOSFET drivers when motor current 
increases due to loss of the velocity-induced back 
EMF. An open collector output, BRK, which is active 
while the device is in retract mode, is provided for 
spindle motor braking. An external RC delay may be 
used to defer braking until the heads are retracted. For 
proper operation of the SSI 32H569, a pullup resistor 
on BRK is required even if the BRK output is not used. 


An example of an entire servo path implemented with 
the SSI 32H569 and its companion devices, the 
SSI 32H6210 and 32H6220, is shown in Figure10. 
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“ASI - L6Zh 


WINDOW 
COMPARATOR 


Cy |] 


Ry 


WINDOW 
COMPARATOR 


| SOUT - VREF| > VREF - VLIW 


ACCELERATION 
(CURRENT SENSE) 


AMPLIFIER 


iad CROSS OVER 


TO SPINDLE MOTOR 
BRAKING TRANSISTOR 
Rerk 
| | |_| +5V 
vec tL 
(TO MOTOR DRIVER) <4 +12V = 
INS820 (SYSTEM 
SUPPLY) 
TO SPINDLE MOTOR 
CONTROL SIGNAL FROM 
1 MICROPROCESSOR OUTPUT PORT 


FIGURE 2: Typical Application 


JOALIG JOO] OAIBS 


69SHCE ISS 


SSI 32H569 
Servo Motor Driver 


PIN DESCRIPTION 


TYPE DESCRIPTION 


POSITIVE SUPPLY - 12V power supply. Usually taken from spindle motor 
supply. Spindle motor stored energy permits head retraction during power 
failure. If VCC falls below 9V, a forced head retraction occurs. 


LOW VOLTAGE - System 12V supply. If this input falls below 9V, a forced 
head retraction occurs. 


POWER 


LOWV 
VREF 


aphid ds 


ae 
all 
bao 


REFERENCE VOLTAGE - 5.4V input. All analog signals are referenced 
to this voltage. If VREF falls below 4.3V, a forced head retraction occurs. 


GROUND 


TYPE DESCRIPTION 


POSITION ERROR- Loop compensation amplifier output. This signal is 
amplified by the MOSFET drivers and applied to the motor by an external 
MOSFET H-bridge, as follows: 


SE3-SE1 = 17(ERR-VREF) 


POSITION ERROR INVERTING INPUT - Inverting input to the loop 
compensation amplifier. 


POSITION ERROR NON-INVERTING INPUT - Non-inverting input to the 
loop compensation amplifier. 


MOTOR CURRENT SENSE OUTPUT - This output provides a voltage 
proportional to the voltage drop across the external current sense resistor, 
as follows: 


SOUT-VREF=4(SE2-SE1) 


aes VELOCITY INVERTING INPUT - Inverting input to the velocity integrating 


SOUT 


VLIM 


amplifier. The non-inverting input is connected internally to VREF. 


VELOCITY OUTPUT - Output of the velocity integration amplifier. This 
signal is internally applied to a window comparator whose output limits 
motor drive current when the voltage at VEL exceeds a set limit. 


BRAKE OUTPUT - Active high, open collector output which may be used 
to enable an external spindle motor braking transistor upon power failure 
or deassertion of EN. 


LIMITING VOLTAGE - The voltage at this pin sets motor current and 
velocity limits. Limiting occurs when: 


|[SOUT-VREF|>VREF-VLIM 
or |}VEL-VREF|>VREF-VLIM. 


An internal resistor divider establishes a default value that may be 
externally adjusted. 
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SSI 32H569 
Servo Motor Driver 


CONTROL (Continued) 


MOTOR CURRENT SENSE INPUT - Non-inverting input to the current 
sense differential amplifier. It should be connected to one side of an 
external current sensing resistor in series with the motor. The inverting 
input of the differential amplifier is connected internally to SE1. 


ENABLE - Active high TTL compatible input enables linear tracking mode. 
A low level will initiate a forced head retract. 


MOTOR VOLTAGE SENSE INPUT - This input provides feedback to the 
non-inverting MOSFET driver amplifier. It is connected to one side of the 
motor. The gain to this point is: | 


SE3-VREF = 8.5(ERR-VREF) 


P-FET DRIVE (NON-INVERTING) - Drive signal for a P channel MOSFET 
connected between one side of the motor and VCC. This MOSFET drain 
is connected to SE3. 


N-FET DRIVE (NON-INVERTING) - Drive signalforan N channel MOSFET 
connected between one side of the motor and GND. This MOSFET drain 
is connected to SE3. Crossover protection circuitry ensures that the P and 
N channel devices driven by OUTC and OUTD are never enabled 
simultaneously. 


MOTOR VOLTAGE SENSE INPUT - This input provides feedback to the 
inverting MOSFET driver amplifier. It is connected to the current sensing 
resistor which is in series with the motor. The gain to this point is: 


SE1-VREF = -8.5(ERR-VREF) 


This input is internally connected to the current sense differential amplifier 
inverting input. 
N-FET DRIVE (INVERTING) - Drive signal for an N channel MOSFET 


connected between the current sense resistor and GND. This MOSFET 
drain is also connected to SE1. 


P-FET DRIVE (INVERTING) - Drive signal for a P channel MOSFET 
connected between the current sense resistor and VCC. This MOSFET 
drain is also connected to SE1. Crossover protection circuitry ensures that 
the P and N channel devices driven by OUTC and OUTD are never 
enabled simultaneously. 
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ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 


(Maximum limits indicates where permanent device damage occurs. Continuous operation at these limits 
is not intended and should be limited to those conditions specified in the DC operating characteristics.) 


PARAMETER CONDITIONS 


All other pins 


Storage temperature 
Solder temperature 10 sec duration 


RECOMMENDED OPERATION CONDITIONS (Unless otherwise noted, the following conditions are valid 
throughout this document.) 


PARAMETER CONDITIONS | MIN: | TYP | MAX 
Normal Mode blr eae 
| Retract Mode 


ICC, VCC current 
IREF, VREF current | 


A1, LOOP COMPENSATION AMPLIFIER 


Input bias current < ne 


Input offset voltage aannas 
Voltage swing About VREF 


ane 
ane 
a 
[Common mode range | Abouvaer | 
[Losdiesistance——=S~*~‘irtTWReF—SSSCSC*dC 
aa 
oo 
ee 
20 


CMRR £<20 kHz 
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Servo Motor Driver 


A2, CURRENT SENSE AMPLIFIER 


PARAMETER CONDITIONS 


Lewd 

ne ae 

jLoadCapactance | | Tf 10 | 
a ee 


Output impedance f<40 KHz 
f<20 KHz 


#<20 KHz 


CONDITIONS 


RB, internal feedback resistor Po ee 


WINDOW COMPARATORS AND LIMITING 
CONDONS baw | ve | max 
(SOUT-VREF or VEL-VREF) VREF-VLIM 


FTeshotdhysireis «| SSSSS*~S~Ct || 
Fvumvotage ————=—S—*| No-exematpans _—_‘[vmersal _|vmeraalv 
[vuminputeesitancs | CY 


PARAMETER 


Window comparator threshold 
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POWER SUPPLY MONITOR 


LOWYV fail threshold |ILowv| < 0.5 mA 


ane 
Hysteresis Lowy, voc) fp 
Piysteress (VRE) 


BRK delay (from power fail or 
EN false to BRK floating) 


| CONDITIONS 


OUTB, OUTD 
voltage swing |loj<1 mA 
VTH, 

Crossover separation threshold 


Slew rate 
(OUTA, OUTB, OUTC, OUTD) Cl<1000 pF 


Crossover time 300 mV step at ERR 


Output impedance (OUTA,B,C,D) 


Transconductance 

l(OUTA,B,C,D)/(ERR-VREF) 

Gain (-(SE1-VREF)/(ERR-VREF) 

or (SE3-VREF)/(ERR-VREF) ) 

Offset current Rs = 0.2Q, RF = Rin, 
Vin=VREF 
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APPLICATIONS INFORMATION 


A typical SSI 32H569 application is shown in Figure 2. 
The selection criteria for the external components 
shown are discussed below. Figure 3 shows the 
equivalent circuit and equations for the DC motor used 
in the following derivations. While the nomenclature 
chosen is for a rotating motor, the results are equally 
applicable to linear motors. 


MOTOR CURRENT SENSE AND LIMITING 


The series resistor which senses motor current, Rs, is 
chosen to be small compared to the resistance of the 
motor, Rm. A value of Rs = 0.2 is typical in disk drive 
applications. The window comparator threshold, pro- 
grammed by VLIM, must be chosen to cause limiting 
when the motor current reaches its maximum permis- 
sible value. If iMAX is the maximum motor current in 
Amps, then this value may be chosen as follows: 


VLIM = VREF-4« R,« iMAX (V) 


VLIM may be set with a resistor divider whose thevenin 
resistance is substantially less than the output resis- 
tance of the VLIM pin (50 KQ). The window compara- 
tors have hysteresis (typically 50% of their threshold, 
VREF-VLIM) to prevent multiple triggerings of the 
driver disable signal. 


VELOCITY LIMITING 


The values of Rv and Cv in the velocity integrator are 
chosen to produce a voltage excursion of VREF-VLIM, 
when the motor speed is at its maximum permissible 
value. Rv must be large enough to prevent overloading 
of opamp A2. The following equation ignores the effect 
of Re, the internal resistor between VEL and VEL- 
which prevents saturation of A3 due to offsets. For the 
motor in Figure 3, with maximum velocity wMAX 
(rad/s) these components may be chosen as follows: 


Ry // Re > 4KQ ( A2 output loading restriction ) 


4R,° JO* wMAX 


Cy 
(VREF-VLIM) « Ry: K,, 


(F) 


2M =(Ret Rim) (1+85 
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LOOP COMPENSATION 


The transfer function of the SSI 32H569 in the applica- 
tion of Figure 2 is shown in figure 4(a). If the zero due 
to Rt and Cz in the loop compensation circuit is chosen 
to cancel the pole due to the motor inductance, Lm, then 
the transfer function can be simplified as shown in 
figure 4(b), under the assumption that this pole andthe 
pole due to the motor mechanical response are widely 
separated. CL may then be chosen to set the desired 
open loop unity gain bandwidth. 


a 68° R, 


as where BW is the 
2en°Ree(R,+R,) ° BW 


unity gain open 
loop bandwidth 
Lin 


a 
« CL° (Rm+Rs) 


The closed loop response of the servo driver and motor 
combination, using the component values and simpli- 
fying assumptions given above, is given by: 


im 1 Re 1 

——(S) =- —* e 

Vin Rin 4°R, { ts S =) 
Ly | led 


(This analysis neglects the pole due to the output 
impedance of the MOSFET drivers and the MOSFET 
gate capacitance, an effect that may be significant in 
some systems). 


RF is chosen to be sufficiently large to avoid overload- 
ing A2 (RF//Rv>4KQ). The input resistor, Rin, sets the 
conversion factor from servo controller output voltage 
to servo motor current. Rin is chosen such that the 
servo controller internal voltages are scaled conven- 
iently. The resistor Ros is optional and cancels out the 
effect of the input bias current of A1. 


Res = Ri // Re 


The external components Ro and Cop have no effect on 
the motor dynamics, but may be used to improve the 
stability of the MOSFET drivers. The load represented 
by the motor, ZM, is given by: 


At frequencies above (Rs+Rm)/(2 ¢ 7° Lm) Hz, this load 


2 
a ne ) 
s°J6°(R.+R,,) 


Lim 
st Rm 
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becomes entirely inductive, which is undesireable. Ro 
and Cp may be used to add some parallel resistive 
loading at these frequencies. | 


H-BRIDGE MOSFETS 


The MOSFETs chosen for the H-bridge should have 
gate capacitances in the range of 500-1000 pF. The 
MOSFET input capacitance forms part of the compen- 
sation forthe MOSFET drivers, so values below 500 pF 
may cause some driver instability. Excessive input 
capacitance will degrade the slew mode performance 
of the drivers. 


When the motor voltage is changing polarity, the cross- 
over protection circuits at outputs OUTA-OUTD ensure 
that the maximum MOSFET gate drive is less than 2V 
(the crossover separation threshold), as illustrated in 
Figure 5. The thresholds of the MOSFET devices 
chosen should be as large as possible to minimize 
conduction in this region. If the device thresholds are 
significantly less than the crossover separation 
threshold, the N and P channel devices in each leg of 
the H-bridge will conduct simultaneously, causing un- 
necessary power dissipation. 


POWER FAILURE OPERATION 


The power supply forthe SSI 32H569, VCC, should be 
taken from the system 12V supply through a schottky 
diode (maximum 0.5V drop at If = 3A) and connected 
to the disk drive spindle motor. If the system power 
fails, the IC willcontinue to operate as the spindle motor 
becomes a generator. The SSI 32H569 will detect the 
power failure and cause a forced head retract, continu- 
ing to operate with VCC as low as 3.5V. The power fail 
mode willcommence if either VCC or LOWV falls below 
9V,or VREF falls below 4.3V, or EN is false. Hysteresis 
onthe low voltage thresholds prevents the device from 
oscillating between operating modes when the power 
supply is marginal. 


The BRK output, which is pulled low during normal 
operation, floats during a power failure. This allows an 
external transistor to be enabled for spindle motor 
braking. An extemal RC delay may be added to defer 
braking until head retraction is complete, since the 
spindle motor is required to generate the supply volt- 
age during retraction. 


Armature current (A) 


Motor speed (rad/s) 


Moment of inertia of 
rotor (Kg. M2 ) 


Torque constant (V.S.) 
Back E.M.F. (V) 
Winding inductance (H) 


Winding resistance (Q ) 


Nomenclature used is for rotary motor 


FIGURE 3: Equivelant Circuit For Fixed Field DC Motor 
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LOOP COMPENSATION WINDING IMPEDANCE 
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FIGURE 4(A): Transfer Function Of SS! 32H569 
In Typical Application With Fixed Field DC Motor 
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FIGURE 4(B): Simplified Transfer Function Of 
SSI 32H569 In DC Motor Application 
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FIGURE 4(B): Simplified Transfer Function Of SSI 32H569 


In DC Motor Application 
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FIGURE 7: RVLIM To VREF Typical Motor 
Current Limit 


FIGURE 6: RVLIM To Ground Typical Motor 
Current Limit 
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ASSUMPTIONS: 
Rs =0.2Q 
Re = 10K C, (uF) 


Rm =32 
Lm = 600 pH 


BANDWIDTH 
(Hz) 


FIGURE 8: Typical Motor Driver Compensation 


FIGURE 9: Typical Motor Velocity Limit 
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FIGURE 10: Complete Example of Servo Path Electronics Using the SSI 32H6210/ 6220/ 569 
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PACKAGE PIN DESIGNATIONS 
(Top View) 


GND 


20-Pin SO, DIP 


ORDERING INFORMATION 
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SS! 32H569, Servo Motor Driver 
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No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 


of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 


sheet is current before placing orders. 


Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 
SS a AAA IS RE ETE TS I BES SIS SRR I ETE EEE EE IE SE II AI SEE ES LEE LI FGETS EE IT TT ER SE NE RR TN IE ET EATS A RE OT OE OA 


1291 - rev. 6-37 ©1989 Silicon, Systems, Inc. 


Notes: 


f be 7 SSI 32H4631/4632 
son ses Hybrid Servo & Spindle 


A TDK Group { Company Motor Controller 
| Advance Information Information 
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GENERAL DESCRIPTION Spindle Motor Speed Control 


The SSI 32H4631/4632 is a CMOS monolithic inte- , 
grated circuit housedina 100-pin QFP and operates on 

a single +5V supply. In addition to supporting Winches- 

ter disk drives with embedded servo sectors and dedi- © Precision speed regulation at 3600 RPM (4631), 
cated servo surface, it contains all timing and control 5400 RPM (4632) with + 0.012% speed 
functions necessary to start, drive, and brake a 3- resolution 

phase, 4/8/12 pole brushless DC spindle motor without Se sa 

sensors. It also provides an 8-bit A/D converter ata ° At Speed” indication 

conversion rate up to 250 kHz and a Motorola/intel , 
compatible bus interface (Motel) to popular 
microcontrollers such as the 8051 and 68HC11. The © Pulse amplitude modulation (PAM) for bridge 
features for each functionally different section are MOSFET drivers 

summarized in the following: 


3-phase 4/8/12 pole bipolar/unipolar operation 
without need for sensors 


Motor peak current limiting function 


¢ Dynamic braking function on power failure 


FEATURES 
Data Acquisition and Microprocessor Bus 


Servo Head Positioning Control Interface 


* Servo control for Winchester disk drives with ¢ Motel bus interface compatible with 8051 and 


hybrid servo head positioning systems 68HC11 


¢ For use in microprocessor-based digital servo * Ten intemal registers and address decoding 


applications ¢ Internal 250 kHz 8-bit A/D and D/A converters 


¢ Accepts quadrature position signals N, Q froma 


dedicated servo demodulator General Functions 


¢ 12-bit double-buffered cylinder crossing counter ¢ Voltage fault detection for up to two supply 
for dedicated seek algorithms voltages 


¢ Timing controller for embedded servo position ¢ Write gate guarding 


eulehea mining ¢ Low power CMOS design 


¢ Peak detect and sample/hold circuits for up to 


four embedded servo bursts * 100 pin QFP package 


¢ H-bridge MOSFET predriver for linear and rotary 
voice coil motor 


e¢ Class B linear mode and constant voltage retract 
mode 


° Active head retract on power failure 
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FIGURE 1: SSI 32H4631 Block Diagram 
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FUNCTIONAL DESCRIPTION 


As shown in Figure 1, the SSI 32H4631/4632 can be 
divided into three major sections: servo head position- 
ing control, spindle motor speed control, data acquisi- 
tion and microprocessor bus interface. 


SERVO HEAD POSITIONING CONTROL 


The SSI 32H4631/4632 is intended for a servo head 
positioner for Winchester disk drives with both embed- 
ded servo sectors and a dedicated servo surface. The 
servo head positioning control section contains the 
following functions: 


Dedicated servo position processor 
Embedded servo burst amplitude processor 
Embedded servo burst timing controller 
Servo position error amplifier 

H-bridge MOSFET predriver 

Actuator current sense 

Voltage fault detection and servo head retract 


OO a 


These functions are illustrated in Figure 1. 


DEDICATED SERVO POSITION PROCESSOR 


The dedicated servo position processor receives 
quadrature position information from a servo demodu- 
lator, such as SS! 32H6210, through analog inputs N, 
Q and NQREF. The NQREF is applied to establish a 
DC reference level for N and Q samples. N and Q are 
sampled at the falling edge of SYNC. The SYNC 
frequency, which is the servo frame rate on the dedi- 
cated servo surface, is generated from the servo de- 
modulator and is no more than 500 kHz. The VCO 
provides the necessary clock signal to sample N and Q 
signals. The timing relationship among VCO, SYNC 
and N, Q is indicated in Figure 2. If it is not necessary 
to synchronize to N, Q samples, the SYNC input must 
be grounded and the SYNC SEL bit in the SERVO 
CONTROL register set HIGH. Inthis case, the SYSCLK 
input will be divided down internally to generate the 
frame rate to sample N and Q signals. The position 
processor compares N with both Q and -Q to generate 
digital signals NOQ (N>Q) and NQ (N>-Q). Since N and 
Q signals span four tracks per period, NQ and NQ 
provide additional information on which track the head 
iS positioned. In order to produce the position error 
signal PESO, the position processor selects N, Q, -Nor 
-Q, based upon either the values of bits QUADO and 
QUAD1 when SELECT Q is enable; or the values of the 
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digital signals NQ and NQ when SELECT Q is dis- 
abled. Note that the analog inputs N and Q to the 
position processor will switch to the DC reference level, 
NQREF, when the CALIB bit in the HYBRID SERVO 
CONTROL register is enabled. This allows calibrating 
the internal offset of the position error signal, PESO. For 
digital servo applications, N,Q and PESO are provided 
tothe internal multiplexed 8-bit A/D converter under uP 
control. 


The SSI 32H4631/4632 supports both hardware and 
software track counting techniques. The software track 
counting technique interfaces with bits NQ, NQ and 
TRKCS inthe SERVO STATUS register. On each track 
crossing, either NQ or NQ changes state. 


An internal timing hysteresis can be provided to pre- 
vent multiple state changes on NQ, NQ and TRKCS at 
low head velocities by setting the bit TCHE in the 
EMBEDDED SERVO GAIN CONTROL register. The 
TRKCS bit will be reset LOW when the SERVO STA- 
TUS REGISTER is read by the nP. The hardware track 
technique interfaces with TRKCK, an output clock 
intended to drive a hardware counter such as is avail- 
able in the Intel 8051 family. TRKCK is normally LOW 
and pulses HIGH once whenever a track boundary is 
crossed. A 12-bit double-buffered down counter with 
programmable loading capability is implemented to aid 
seek algorithms. The counter is decremented at the 
LOW-TO-HIGH transition of TRKCK and the register is 
updated at the HIGH-TO-LOW transition of TRKCK. 
The 12-bit counter register stops updating after the 
LSB is read. This ensures consecutive reads provide 
information that corresponds to a single track. There- 
fore, one should read the LSB and then the MSB 
without exception. The counter will produce a LOW 
level on TCNT when the terminal count is reached. 
TCNT remains LOW until the counter is loaded with a 
new initial value. 


EMBEDDED SERVO BURST AMPLITUDE 
PROCESSOR 


The embedded servo burst amplitude processor ex- 
tracts the fine head position error information from the 
embedded servo bursts. The circuit acquires up to 4 
burst amplitudes BURST1, BURST2, BURSTS, and 
BURST4 from a read data channel, such as the SSI 
32P4620, through analog inputs SERIN and SEREF. 
The SEREF is applied to establish a DC reference level 
for the full wave-rectified analog signal SERIN. 


SSI 32H4631/4632 
Hybrid Servo & Spindle 
Motor Controller 


To accommodate a wide range of servo burst ampili- 
tudes, the differential signalbetween SERIN and SEREF 
is scaled by a 2-bit programmable gain amplifier under 
uP control. The gain of the differential amplifier ranges 
from -6 dB to 3 dB as defined in the EMBEDDED 
SERVO GAIN CONTROL register. The output of the 
differential amplifier is then provided to a peak detector 
which captures the peak voltage within a time interval 
derived from the internal timing controller or an external 
timing source through SAMPLEX. The peak voltage is 
further scaled by a 4-bit programmable gain amplifier 
under P control. Thus the gain error introduced by the 
peak detector can be accurately corrected with this 
programmable gain amplifier. The gain adjustment 
ranges from 0 dB to 3 dB in 0.2 dB steps, as defined in 
the EMBEDDED SERVO GAIN CONTROL register. 
Each of the following four S/H circuits transfers and 
holds the scaled peak voltages onto their respective 
holding capacitors during atime interval defined by the 
internal timing controller or an external timing source 
through ACQX. The outputs of S/H circuits, BURST1, 
BURST2, BURST3, and BURST4, are provided to the 
8-bit A/D converter under uP control. Note that the 
timing windows to acquire the scaled peak voltages 
can be configurated in any order, as defined in the 
EMBEDDED SERVO TIMING WINDOW CONTROL 
register. Therefore, the uP can mix and commutate 
servo bursts to accommodate for a variety of servo 
burst formats and maintain the position error signal in 
a proper polarity. The timing controller also issues a 
timing signal to discharge the captive voltage for each 
servo burst. 


The captive signals are provided to two difference 
Circuits to extract the differential signals between 
BURST1, BURST2 and BURST 3, BURST4, respec- 
tively. Typically, these differential signals define the 
distance between the read head and the center of a 
data track and one of them should be zero while the 
read head is at the center of a data track. These 
outputs, available externally on PES1 and PES2, are 
provided to the 8-bit A/D converter under pP control. 
Also, two summers add BURST1, BURST2 and 
BURST3, BURST4, respectively, and their outputs at 
SUM1 and SUM2 are provided to the 8-bit A/D con- 
verter as well. 
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EMBEDDED SERVO BURST TIMING CONTROL- 
LER 


The embedded servo burst timing controller generates 
all the timing signals to sample the position bursts, as 
shown in Figures 3 and 4. These timing signals control 
the discharge, sample, and hold of the peak detector 
and the four S/H circuits. The EMBEDDED SERVO 
TIMING WINDOW CONTROL register can be pro- 
grammed by the pP to select and sample the servo 
burst pairs in any order. The number of servo position 
bursts supported are either two or four. The DIBURST 
bit inthe SERVO CONTROL register, when set HIGH, 
configures the internal timing controller to sample only 
two servo position bursts. When reset, four servo 
position bursts are sampled. During position burst 
sampling, HOLD and RWwillbe asserted and WGOUT 
held LOW. 


An external timing controller may be used to provide all 
the timing signals for the discharge, sample, and hold 
of the peak detector and the four S/H circuits by setting 
the TIMING bit HIGH in the SERVO CONTROL regis- 
ter. Usually, in this mode, an external timing controller 
ASIC will be required to provide the timing signals at 
SAMPLEX and ACQxX for servo position burst sam- 
pling while the internal servo timing controller is disabled. 


SERVO POSITION ERROR AMPLIFIER 


The servo driver has two modes of operation, linear 
and retract. The retract mode is activated by a power 
supply failure or when the control signal RESET is 
LOW. Otherwise the driver operates in linear mode. 
During linear operation, the microcontroller acquires 
servo burst amplitudes and analyzes them to establish 
a position error signal. This signal travels through an 8- 
bit D/A converter and is applied to an amplifier whose 
three connections, ERRM, ERREF and ERR, are avail- 
able externally. External RC components may be used 
to establish the gain and bandwidth of this amplifier. 
Additional analog input via SWIN may be provided to 
this amplifier by setting the SW ON bit in the SERVO 
CONTROL register. | | 
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FUNCTIONAL DESCRIPTION (continued) 


H-BRIDGE MOSFET PREDRIVER 


The error signal ERR generated from the position error 
amplifier drives two precision differential amplifiers, 
each with a gain of 15. The differential amplifier out- 
puts, AOUTA, AOUTB, AOUTC and AOUTD drive an 
external MOSFET bridge powered by VBRIDGE. Feed- 
back from the MOSFET drain terminals via sense 
inputs SE1 and SE3 allow the differential amplifier 
gains to be established precisely. The voice coil actua- 
tor and acurrent sense resistor are connected in series 
between SE1 and SE3. Included in the output control 
Circuitry is a crossover protection function which en- 
sures Class B operation by permitting only one MOSFET 
in each leg of the bridge to be in conduction. The 
crossover circuit can be adjusted for different MOSFET 
threshold voltages with a resistor connected to VX. The 
crossover Circuitry can be commanded by the uP to 
shut down the MOSFET drivers and thus remove 
current to the external bridge. 


MOTOR CURRENT SENSE 


Motor current is sensed by a small resistor placed in 
series with the actuator. The voltage drop across the 
resistor is level-shifted and amplified by a differential 
amplifier with a gain of 4. The resulting signal, SOUT, 
iS proportional to actuator current. This signal is exter- 
nally fed back to the position error amplifier so that the 
error signal ERR represents the difference between 
the desired and actual actuator currents. 


VOLTAGE FAULT DETECTION AND SERVO HEAD 
RETRACT 


A voltage fault detector which can monitor up to two 
voltage supplies is included to prevent the actuator 
from responding to a false error signal during a power 
failure. Retract mode is started when a power supply 
failure is sensed by the PSB or PSV comparators or 
when RESET is pulled LOW externally. During retract, 
a constant voltage is applied across the actuator in 
order to cause aconstant velocity head retraction. This 
is accomplished by applying the voltage stored on 
VBYP to AOUTD and by driving AOUTR with an 
amplifier that monitors SE1. The amplifier is powered 
by VBEMF. During retract, VRETRACT is biased by an 
internal voltage reference and determines the retract 
voltage. At other times, power is saved by disconnect- 
ing VRETRACT from the voltage reference and letting 
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itbe pulled to VBEMF by a high value resistor. External 
components (a diode, for instance) can be connected 
between VRETRACT and ground to modify the retract 
voltage. 


An open-drain output, SYSRST, which is active LOW 
while the servo driver is in retract mode, is provided for 
spindle motor braking. An external RC delay may be 
used to defer braking until the head is retracted. The 
amount of SYSRST delay is determined by the external 
capacitor which is connected to the pin, RCRST. 


SPINDLE MOTOR SPEED CONTROL 


A functional block diagram for the spindle motor control 
is shown in Figure 1.In conjunction with several exter- 
nal components, the spindle motor speed control 
provides the starting, accelerating, and precise rota- 
tional speed regulation functions. The circuit will con- 
trol 4, 8, or 12 pole brushless DC motors without the 
need for Hall sensors. It will operate in either bipolar or 
unipolar drive mode. Control, configuration, and status 
monitoring are handled by the uP. The complete speed 
control loop is contained in the circuit and the pP is only 
required during start and to monitor status. 


SPINDLE MOTOR START-UP 


Motor starting is accomplished with the uP utilizing 
various features contained in the motor speed control 
Circuitry. The uP can write to the commutation counter 
and set it to a predetermined value with STATEO, 
STATE1, STATE2 bits. The counter can then be 
incrementedwith the ADVANCE bit which also excludes 
internal commutations when set HIGH. Bits COMMU, 
PERCHK 2, 3, 4, 5 provide feedback to the nP on motor 
activity. The pP can enable the drivers with MENABLE 
and UNIPOLAR bits as required, as well as cause a 
“soft” brake with UPBRK. 


Under pP control, initial open-loop commutation se- 
quence is provided to the commutation logic which 
thereby advances and accelerates the spindle motor. 
The start-up process settles the motor initially by se- 
lecting the bits STATEO, STATE1, STATE2 in the 
SPINDLE CONTROL register to energize a proper 
motor winding. Motor current is enabled by setting the 
MEANABLE bit in the SPINDLE CONTROL register. 
The commutation state is advanced by providing AD- 
VANCE pulses in the SPINDLE CONTROL register. 
The period of the ADVANCE pulses will be based upon 
the motor and load characteristics and decreased 
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gradually during the acceleration of the motor. The uP 
may look at the COMMU bit in the SPINDLE STATUS 
register for feedback indicating whether the motor has 
achieved a sufficient speed. Once the motor has 
achieved a sufficient speed, the P will cease generat- 
ing ADVANCE pulses and motor starting is thus com- 
pleted. | 


SPINDLE MOTOR SPEED REGULATION 


Motor speed regulation is accomplished with mixed 
analog and digital techniques, converting a motor 
speed error derived from a reference clock and a 
period counter into a voltage. The voltage translates 
into a motor current across the current sense resistor 
regulating the motor speed. The speed regulation loop 
consists of a period counter, proportional and integral 
channels, two 6-bit D/A converters and a linear 
transconductance amplifier. 


In operation, the motor speed error is determined by 
measuring the period of each revolution with a 500 kHz 
clock signal. Period resolution is therefore 2 microsec- 
onds with the desired period being 8333 counts (16.66 
ms, or3600.144 RPM) (4631), and 5555 counts (11.110 
ms, 5400.54 RPM) (4632). Motor rotor position is 
determined by monitoring the coil voltage of the wind- 
ing that is not presently being driven by the drivers. The 
back-emf at the coil in conjunction with the state of the 
output drivers indicates rotor position. The back-emf is 
compared to a reference at CTSENSE and initiates 
“commutation events” when the appropriate compari- 
sonis made. The commutation is the sequential switch- 
ing of the drive current to the motor windings. Since the 
back-emf comparison event occurs prior to the time 
when optimum commutation should occur, it is thus 
required to delay actual commutation by a predeter- 
mined time after the comparison. The commutation 
delay is provided by a non-retriggerable one-shot cir- 
cuit wherein the time delay is a function of external RC 
timing Components connected at EXTRC. Because 
commutation of the motor windings typically results in 
large transient voltages which could falsely indicate 
“commutation events," the one-shot circuit also pro- 
vides a “noise filter” function which holds off retriggering 
further and blanks the back-emf comparison events for 
a period of time (approximately one half the commuta- 
tion delay) after commutation. The commutation states 
are defined in the SPINDLE CONTROL register. 


The period counter is loaded with a count of 8333 
(4631), 5555 (4632) initially, and period measurement 
results in residual counts (ideally zero) in the period 
counter as it counts down during the index-to-index 
time interval. The residual count is fed to the propor- 
tional D/A converter (5 bit plus sign) whose output is 
provided at PROP. No period error will output half of 
VBIAS at PROP, too short a period will output a value 
less than half of VBIAS, and too long a period willoutput 
a value greater than half of VBIAS depending on the 
amount of error. 


When the residual count is within + 15 counts of zero, 
the motor is indicated as “in lock.” The lower eight bits 
of the period counter are fed to an accumulator which 
adds the present period residue to the previous accu- 
mulation thus accomplishing an integrating effect to 
force the speed error to zero over time. The upper six 
bits of the accumulator are fed to the integral DAC 
whose output is INTEGRAL. Gross period errors will 
cause PROP and INTEGRAL to saturate at the appro- 
priate extreme to achieve the maximum corrective 
control voitage. 


The outputs at PROP and INTERGRAL are connected 
to VIN with an external resistor network. The resistor 
values should be selected to set the required loop 
response based upon motor requirements. The input 
VIN is the non-inverting input of the linear 
transconductance amplifier which uses the lower driver 
transistor that is presently active per the commutation 
state. An external resistor is used to sense the current 
flowing through the drive transistor drain (and hence 
the motor coil current). The voltage across the sense 
resistor, the difference between SENSE and 
SENSEREF, is amplified by a programmable gain 
stage and fed to the inverting input of the 
transconductance amplifier. The gain of the program- 
mable amplifier is determined by TGAINO and TGAIN 

bits. : 


Motor speed control includes a speed range check 
circuit, which provides inthe SPINDLE STATUS regis- 
ter a LOCK status bit, when the motor is at the target 
speed within +0.18% (4631), -27%(4632), along with 
OVER status bit, when the motor is over or under the 
target speed. The LOCK and OVER status bits are 
available to the uP for diagnostics and spindle fault 
conditions. 


Additional low-speed period measurement data is avail- 
able to the wP as the PERCHK2,3,4,5 bits in the 
SPINDLE STATUS register. 
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FUNCTIONAL DESCRIPTION (continued) 
MOTOR PEAK CURRENT LIMITING 


When the period error exceeds 256 counts too slow, 
the voltage at VLIM is selected as the control voltage 
in lieu of VIN. VLIM is to be used to set the motor peak 
current during start-up and acceleration. 


MOTOR BRAKING 


Fault conditions on power supplies and internal voltage 
reference generator will trigger an internal retract con- 
dition. The internal retract condition will cause all 
predriver outputs to the states which will turn the driver 
transistors off, allowing the motor to coast. BRAKE 
typically has a capacitor to ground attached and is 
connected to pin SYSRST via a resistor. SYSRST 
goes LOW inthe retract condition, andthus BRAKE will 
go LOW after the RC delay. When BRAKE goes LOW, 
all lower drivers are activated to achieve dynamic 
braking of the motor. The circuitry for these operations 
is powered by the back-emf of the spindle motor and 
will operate without either 5 or 12 volt supply. 


Dynamic braking can also be activated under uP con- 
trol by setting UPBRK to LOW in the SPINDLE CON- 
TROL register. During dynamic braking, the control 
loop is opened. 


Two other motor speed control functions related to 
other circuit functions in the SS! 32H4631/4632 are 
SLEEP mode and internal bias current. Two modes of 
SLEEP are provided forthe SSI 32H4631/4632, but the 
effect on the motor speed control is the same for both 
modes, i.e., all analog circuitry is de-biased, the clock 
is disabled, the upper driver outputs become logic 
HIGH (to turn off all upper drivers including the center 
tap if used), and the lower driver outputs become logic 
HIGH. The internal bias currents for analog functions 
are set by an external resistor connected between IBR 
and ground. A 22.6 KQ, +1% resistor should be used 
for proper operations. 


EXTERNAL INDEX APPLICATION 


Normal operation is performed with an internal index 
signal derived from the commutation counter (scaled 
via the MODEO and MODE‘1 bits based upon the 
number of motor poles). The period of the index signals 
is measured and controlled by the circuit to result in a 
rotational rate of 3600 (4631) 5400 (4632) RPM. Within 
the range of 3593.5 to 3606.5 RPM forthe SSI32H4631 
and 5385.9 to 5415.1 RPM for the SSI 32H4632, the 
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spindle will be “in lock." After the motor is started and 
accelerated to speed (LOCK bit HIGH), an external 
index signal may be selected. Applying external index 
pulses at arate within the lock range and setting INDEX 
SEL bit to HIGH will start the following sequence: 


The circuit will complete the period measurement of the 
latest internal index period and then begin to measure 
the time between the last internal index and the next 
external index pulse. This will most likely be shorter 
than the nominal assuming the two events are asyn- 
chronous. If the period measured is not within 3% 
(4631), 4.5% (4632) of the expected value (16.667 
(4631), 11.11 (4632) milliseconds), the proportional 
and integral D/A converters will not be updated with a 
new correction value but will continue to output the 
previous value. The LOCK bit will be set to LOW 
indicating “out of lock." The next period measured will 
be between the first and second external index pulses 
and will presumably be within the lock range so that 
LOCK will be set to HIGH. If the period is within 3% 
(4631), 4.5% (4632) of the desired value, the propor- 
tional and integral D/A converters will be updated. 
Similarly, during operation with external index, a miss- 
ing index pulse would look like a gross speed error and 
no update on proportional and integral D/A converters 
will take place. The pP must perform the corrective 
actions in such cases, by examining LOCK bit, the 
PERCHK2,3,4,5 bits, and the source of the (missing) 
index pulses. A single missing index should require no 
action other than checking that LOCK returns to HIGH 
(in lock) in the next interval. 


DATA ACQUISITION AND MICROPROCESSOR BUS 
INTERFACE 


Figure 1 shows data acquisition circuits along with the 
microprocessor bus interface. To facilitate micropro- 
cessor-based servo applications, the SS! 32H4631/ 
4632 contains a high-speed 8-bit A/D converter at a 
conversion rate up to 250 kHz, an 8-bit D/A converter, 
and Motel bus interface compatible with commonly 
used 12 MHz 8051 and 8 MHz 68HC11. The A/D 
converter can be multiplexed to sixteen different ana- 
log inputs by programming the ADC_SELO, ADC_SEL1, 
ADC_SEL2 andADC_SEL3 bits inthe ADC ADDRESS 
register by the uP. The analog inputs can be scaled by 
again of 4 by setting the X4 bit HIGH. The output of the 
gain stage is available externally at MUXOUT for 
diagnostics. The A/D converter runs synchronously 
with the internal 500 kHz clock which is used for various 
circuits on the SSI 32H4631/4632. Therefore, there 
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would be a maximum of 2 microseconds of latency 
between a conversion request and the actual start of 
the conversion. Conversion is started by reading the A/ 
D output register. The output is coded in 2’s comple- 
ment. Note that different voltage references corre- 
sponding to one half of the A/D full scale are used for 
different analog inputs as defined in the ADC AD- 
DRESS register. 


Similarly, the D/A converter runs synchronously with 
the internal 500 kHz clock and conversion is started by 
writing to the D/A input register. The output at ERRDAC 
is referenced to ERREF and is held constant between 
conversions. 


The “Motel” interface to both Motorola and Intel 1P’s is 
provided for a direct connection to the SSI 32H4631/ 


4632. Three bus control signals are interpreted differ- 
ently based upon the type of wP being used. The pin 
BUSMODE should be tied to HIGH for an Intel bus 
interface. The table below illustrates how both uPs 
connect to the SSI 32H4631/4632. The ASE pin gates 
the AL/ASE input and can be used to shut off the ALE/ 
AS to minimize noise on chip when the pP interface is 
not active. The CS pin performs a similar function on 
the rest of the pP bus inputs. The timing diagrams for 
Intel and Motorola uP interface are shown in Figures 5 
and 6, respectively. 


- Motorola 32H4631/ 
32H4632 


ALE AS 
DS;E; or Clock Phase 2 
R/W 


REGISTER DESCRIPTIONS 


The SSI 32H4631/4632 contains ten 8-bit internal registers which provide control, option select and status 
monitoring. The registers are addressed with a 4-bit register address which is latched from inputs at ADO, AD1, 
AD2, and AD3 on the falling edge of ALE. The registers from 0 to 5 are read/write memory, the registers from 
6 to 9 are write only. The registers are summarized in Table 1. 


TABLE 1: SSI 32H4631/4632 Internal Registers 


REGISTER NAME 
aa R/W Interrupt Control/Status 
Spindle Control/Status 
2 | RW | SeroContovstaus 
a 


Transconductance, Prescaler and Mode Control 
Embedded Servo Timing Window Control 
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INTERRUPT CONTROL/STATUS REGISTER 


Address: 0 Access: Read/Write Reset: 00 
Register contents when Written to enable or disable interrupt events: 


COMMU INT When set HIGH, interrupt is enabled on a state change of the 
back-emf commutation clock COMMU. 

LOCK INT When set HIGH, interrupt is enabled on a state change of the 
spindle speed lock. 

BURST INT When set HIGH, interrupt is enabled on the embedded servo 
position bursts ready. 


BIT 
3 TRKCS INT When set HIGH, interrupt is enabled on each track crossing. 
4 
6 
7 


COUNT INT When set HIGH, interrupt is enabled on the terminal count (000,)) of 
the track crossing counter. 


= | Undefined 
ed MST INT When set HIGH, the microprocessor signal INT is enabled. 


Register contents when Read 
COMMU INT Active high indicates a state change of the back-emf commutation 
| clock COMMU. 


LOCK INT Active high indicates a state change of the spindle speed lock. 


BURST INT Active high indicates that the embedded servo position bursts are 
ready. 
3 TRKCS INT TRKCS INT is asserted when NQ or NQ changes state, i.e., on each 
track crossing. 
5,6 
7 


COUNT INT COUNT INT is asserted when the terminal count (000,4) of the track 
crossing counter is reached. 
(56 | = —__ Undefined. 
el MST INT Active high indicates that one or more interrupts are pending. 


Each interrupt event status is reset when the p/P reads the corresponding status register. Specifically, interrupt 
events COMMU INT and LOCK INT are reset whenever the SPINDLE STATUS register (ADDRESS=1) is read. 
Interrupt events TRKCS INT, COUNT INT and BURST INT are reset whenever the SERVO STATUS register 
(ADDRESS=2) is read. All interrupt events may be read as interrupt status regardless of their corresponding 
interrupt mask settings. The interrupt control register determines which event will actually cause a latched 
assertion of the pP signal INT. Note that the MST INT is a master enable which disables all interrupt events from 
asserting INT when active low. Also, when read, MST INT indicates if any mask enabled interrupt events are 
still pending for service and reflects the internal state of the uP signal INT. 
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SPINDLE CONTROL/STATUS REGISTER 
Address: 1 Access: Read/Write Reset: 00 


Register contents when Written: 
DESCRIPTION 


| UPBRK , When set LOW, dynamic braking will be initiated where upper drivers 
are disabled and lower drivers are activated. 
UNIPOLAR This bit is set HIGH when unipolar motor is used. For unipolar motors, 
all upper drivers are disabled and OUTCT is activated. 
a — 


When set HIGH, the input signal at EXTINDX, one pulse per revolution, 
_ 


is selected as the spindle speed indicator. Otherwise, the internal 
Register contents when Written: 


revolution clock developed from the back-emf sensing Circuit is selected. 
Driver Enable Control. When set LOW, both upper and lower drivers 
are turned off to deny powerto the motor. This overrides allother output 
conditions. When set HIGH, drive outputs are activated per the state 
[eit _—~[ NAME | DESCRIPTION 
4 ADVANCE Each LOW-TO-HIGH transition advances the edge-trigged commu- 
| tation state counter by one. When set HIGH, the internal clock (derived 
< | from the back-emf events ) to the commutation state counter is 
TABLE 2: 
STAT2 STAT1 | STATO 
0 


of the commutation state counter. 
inhibited. When set LOW, normal operation is resumed. 
0 
0 
0 
0 
| 1 
, 
1 
1 


Preset Commutation State. During start-up, the commutation state 
counter will be preset to the state decoded by these 3 bits per table 2: 


ON ON 


ON 


OFF 


OFF OFF 
OFF OFF 
OFF OFF 
ON OFF 


Normal Operation 
Normal Operation 
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SPINDLE CONTROL/STATUS REGISTER (continued) 


— contents when Read: 


Active high indicates that the spindle motor is within +15 counts of the 
nominal value (8333 (4631), 5555 (4632) counts with the counter 
clocked at 500 kHz) or 0.18% (4631), 0.27% (4632). The correspond- 
ing interrupt event LOCK INT willbe reset whenever this register is read 
by the pP. 

Active high indicates that the spindle speed is faster than the nominal 
value; active low indicates that the spindle speed is slower than the 
nominal value. 


Back-emf commutation clock divided by 2. Each state change of 
COMMU indicates that the commutation state counter has advanced 
by one. The corresponding interrupt event COMMU INT will be reset 
whenever this register is read by the pP. 


PERCHK5 Spindle Speed Check Bits. These bits are used to estimate the 

PERCHK4 spindle speed if it is slower than the nominal value. 

PERCHK3 

PERCHK2 P4 P5 #£SPEED,rps SPEED,rps 
(4631) (4632) 


SPEED 248 SPEED 265 
40< SPEED 248 52< SPEED 265 
30< SPEED 240 36< SPEED 252 
20< SPEED 230 23< SPEED 236 
SPEED 220 SPEED 223 
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SERVO CONTROL/STATUS REGISTER 


Address: 2 Access: Read/Write Reset: 00 
Register contents when Written: 


BIT | NAME —_—i|_- DESCRIPTION 


HENABLE _ | H-bridge Driver Enable. When set HIGH, H-bridge MOSFET drivers 
are enabled. 
1 SW ON When set HIGH, the analog switch between the ERRM and SWIN pins 
is turned on. 
2 


|= ss Undefined 


Timing Controller Disable. When set HIGH, the timing signals required 
to sample/hold embedded servo position bursts are derived from an 
external timing source via SAMPLEX and ACQX. Otherwise, the 
internal timing controller is used. 


When HIGH, only two servo bursts, BURST1 and BURST2 are 
sampled. Otherwise, four servo burst amplitudes are sampled. 


Write Gate Guard Lead Enable. When set HIGH, the write gate guard 
is enabled one burst period prior to the sampling of the first position 
burst field. Otherwise, the write gate guard is enabled essentially at the 
same time as the sampling of the first position burst field. 


Burst Field Length Select. These two bits define the time duration 
of each embedded servo position burst field per table below: 


TIM1 TIMO Burst Duration, usec 
0 0 5 


5 LEAD | 


6 | TIMO 
7 TIM1 


0 1 
1 0 
1 1 


Register contents when Read: 


Active HIGH indicates that the embedded servo position bursts are 
ready. 


Active HIGH indicates a track crossing, i.e., NQ or NQ changes state. 


Active HIGH indicates that the terminal count (000;4) of the track 
crossing counter is reached. 


Undefined 


Active HIGH when N>Q and reset otherwise. 


Active HIGH when N>-Q and reset otherwise. | 


The corresponding interrupt events TRKCS INT, COUNT INT and BURST INT will be reset when this register 
is read by the uP. Also, the TRKCS, COUNT and BURST bits in this register are reset after being read. 
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ADC ADDRESS/DATA REGISTER 
Address: 3 Access: Read/Write Reset: Undefined 


Description: When Written, the least significant 4 bits of the register define the analog input to the 8-bit A/D 
converter. After conversion, the 8-bit digital word of the analog input is stored into the register. 


Register contents when Written: 


Bir | NAME | DESCRIPTION 


ADC_SELO A/D Converter Input Select. These 4 bits define the analog input to 
ADC_SEL1 the A/D converter per table below: 

ADC_SEL2 
ADC_SEC3 


BIT3 BIT2 ~~ BIT1 BITO ADCINPUT ADC Vref 


0 0 0 0 BURST1 VREF 
0 0 0 1 BURST2 VREF 
0 0 1 0 BURSTS VREF 
0 0 1 1 BURST4 VREF 
0 1 0 0 PES1 VREF 
0 1 0 1 PES2 VREF 
0 1 1 0 PESO VREF 
0 1 1 1 N NQREF 
1 0 0 0 Q NQREF 
1 0 0 1 ERR VREF 
1 0 1 0 SOUT VREF 
1 0 1 1 SENSE SENSEREF 
1 1 0 0 ADCIN VREF 
1 1 0 1 VREF VREF 
1 1 1 0 SUM1 VREF 


SUM2 VREF 


X4 Enable. When set HIGH, the analog input to the A/D converter will 
be multiplied by 4 before converted into a digital value. 


5,6,7 Ls Undefined 


— 


oak, 
as 


canst, 


DESCRIPTION 


Digital output of the A/D converter in 2’s complement format. ADC7 
corresponds to the sign bit. 
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TRACK COUNT AND HYBRID SERVO CONTROL REGISTER 
Address: 4 and5 Access: Read/Write Reset: 00 
Description: In a hybrid servo application, the dedicated servo channel is supported by a 12-bit track crossing 


counter with a 4-bit hybrid control register. The counter is preset by the pP and counts down by one whenever 
the head crosses a track boundary. The LSB 8 bits of the counter are defined at register 4 as follows: 


Bir | NAME =| DESCRIPTION | 
0..7 TRACKO..7 | LSB of the track crossing counter 0..7. When written, these bits preset 
| the track counter. When read, they reflect the counter state. 


The MSB 4 bits of the counter along with the hybrid control bits are latched when the LSB 8 bits are read. The 
hybrid control bits, QUADO, QUAD1, SELECT Q and CALIB are ‘write only." They are defined at register 5 as 


follows: 
| NAME _| DESCRIPTION 


TRACKS8..11 MSB of track crossing counter 8..11. When written, these bits preset 
the track counter. When read, they reflect the counter state. 


4 QUADO Quadrant Select. These 2 bits select the quadrant per table below: 
5 QUAD1 | 
QUAD1 QUADO Quadrant Selected 
1 Q 


SELECT Q Quadrant Select Enable. Select quadrant with QUADO and QUAD1 
when set HIGH. 


CALIB Calibration Enable. When set HIGH, the device is in the calibration 
mode in which analog inputs N and Q are tied to a DC reference level, 
NOQREF; the analog input SERIN is tied to the DC reference level, 
SEREF. 


ERROR DAC DATA REGISTER 


Address: 6 Access: Write Reset: 00 
DESCRIPTION 
0..7 DACO..7 Digital input to the D/A converter in 2’s complement format. DAC7 


corresponds to the sign bit. 
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EMBEDDED SERVO GAIN CONTROL REGISTER 
Address: 7 Access: Write Reset: 00 


These two bits define the gain setting for the embedded servo differ- 
ential amplifier per table below: 


GAIN1 GAINO Gain, dB 


Embedded Servo Burst Amplitude Gain Select. 
These four bits define the gain setting for the sample/hold amplifier per 
table below: 


GAIN5 GAIN4 GAIN3 GAIN2 Gain, dB 


© 
© 
© 
>) 


0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 


= -—- ss - OOoOddta2t = COC OO 
-OCO-"_/002 + 00 $$ + © 
o- oO +f]? Of OF Hf OF HF 020 4 


ah 
awk 
_— 


SYNC SEL Sync Input Select. When set HIGH, the frame rate to sample dedicated 
quadrature position signals N and Qis derived internally fromSYSCLK. 
Otherwise, it is provided externally fromthe servo demodulator through 
SYNC and VCO inputs. 
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TRANSCONDUCTANCE, PRESCALER & MODE CONTROL REGISTER 
Address: 8 Access: Write; Reset: Bit 4 and 5 only 


Test Mode Enable. When set HIGH, the device is in the test mode 
where the testing time for the spindle motor speed control function is 
shortened. 


SLEEP Power-down Mode Enable. When set HIGH, the device is in the power- 
down mode where all analog circuitry is de-biased, the clock is disabled 
and the output drivers are pulled to logical HIGH. 


2 TGAINO Transconductance Select. The transconductance gain of spindle 
3 TGAIN1 motor lower drivers is defined per table below: 
TGAIN1 TGAINO Gain 
0 0 2 
| 0 1 4 
1 0 8 
1 1 16 
4 
5 
6 
7 


SCALEO SYSCLK Prescaler. To accommodate different system clocks which 
SCALE1 may be used, the prescaler selects a proper divider to generate a fixed 
clock at 500 kHz per table below: 
SCALE1 SCALEO SYSCLK(MHz) Divider 
| 0 0 10 20 
0 1 8 16 
1 0 6 12 | 
1 1 4 8 


Spindle Mode Control. These two bits define the number of motor 
poles per table below: 


MODE1 MODEO POLES COMMU/INDEX 
0 0 4 12 
8 24 


1 
0 12 36 
1 


0 
1 
1 


6-54 1291 - rev. 


SSI 32H4631/4632 
Hybrid Servo & Spindle 
Motor Controller 


EMBEDDED SERVO TIMING WINDOW CONTROL REGISTER 
Address: 9 Access: Write Reset: 00 


Description: The embedded servo position burst timing controller generates four timing windows. The sample 
control register matches these timing windows with four SAMPLE/HOLD circuits. The wP writes into the register 
a control pattern which will provide a necessary sampling to compare the required bursts in a proper polarity and 
sequence. In this manner, the uP can mix and commutate the bursts so that the position error signal is always 
in the same direction. 


Define timing window for SAMPLE/HOLD 4. Bit 6 is LSB. 
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FIGURE 3: Embedded Servo Timing Diagram with Internal Timing Source 
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FIGURE 5: Intel Microprocessor Bus Interface Timing Diagram 
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FIGURE 6: Motorola Microprocessor Bus Interface Timing Diagram 
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PIN DESCRIPTION 


This section describes the names of the pins, their symbols, their functions and their active states. The pins 
are grouped together into function for clarity. 


POWER SUPPLIES 


)NAME TYPE DESCRIPTION 
VPA, B, C, G Analog +5V supplies. They must be shorted externally. 


}VPD | es Digital +5V supply. It must be shorted to analog +5V supplies externally. | 
VNA, B,C, G | Analog grounds. They must be shorted externally. 
VND, VND2 = Digital grounds. They must be shorted to analog grounds externally. 


SERVO HEAD POSITION PROCESSOR 


Normal Input - Analog position signal from a dedicated servo demodulator. This 
input along with quadrature input is used to extract the position information from 
a dedicated servo surface. 


Quadrature Input - Analog position signal from a dedicated servo demodulator. 


Dedicated Position Error Reference - DC reference voltage for both normal and 
quadrature analog inputs. 


Sync Input - A clock signal generated from a dedicated servo demodulator. The 
falling edge of this clock causes the analog signals N and Q to be sampled. 


VCO Input - A clock signal generated from a dedicated servo demodulator. The 
VCO should be synchronous with N and Q inputs. 


Track Crossing Clock - This digital output drives external hardware track counter 
and is compatible with the counter function available in the Intel 8051 family of 
microcontrollers. It is normally LOW and pulses HIGH once per track crossing. 


Terminal Count - The terminal count output is normally HIGH and goes LOW when 
the 12-bit counter reaches zero. 


Position Error Output - Test point for the analog output of the position processor. 
This signal is proportional to the radial displacement of the head from the center 
ofthe current track, based uponthe values of bits QUADO, QUAD1 and SELECT Q. 


Embedded Servo Input - Full-wave rectified analog signal generated from a read 
data channel. This input is to extract the position information from embedded servo 
bursts. 


NQREF 


SYNC 


ik 
a 


TCNT 


PESO 


SEREF 


SAMPLEX 
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Embedded Servo Burst Reference - A DC reference level for the full-wave rectified 
analog signal SERIN. 


Servo Burst Sample - This TTL compatible input, when HIGH, activates the peak 
detector. This input is used only when the TIMING bit in the SERVO CONTROL 
register is set HIGH for an external timing source. 
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SERVO HEAD POSITION PROCESSOR (continued) 


|NAME TYPE | DESCRIPTION 


ACQX Servo Burst Acquisition - This TTL compatible input, when HIGH, activates the 


transfer of the voltage captured by the peak detector onto holding capacitors. This 
input is used only when the TIMING bit in the SERVO CONTROL register is set 
HIGH for an external timing source. 

PES1 

PES2 

SUM1 

SUM2 
HEAD POSITIONER MOSFET DRIVER AND VOLTAGE FAULT DETECTION 


Position Error Signal - Test point for differential signals which are defined as: 


PES2 = BURST3-BURST4 
Position Sum Signal - Test point for summed signals which are defined as: 


SUM1 = BURST1+BURST2 
SUM2 = BURST3+BURST4 


Actuator Inverting Input - Inverting input to the position error amplifier of the 
MOSFET predriver. 


This input is shorted to ERRM when the bit SW ON is set HIGH. SWIN floats 
otherwise. 


Acceleration Error - Position error amplifier output. This signal is amplified by the 
MOSFET drivers and applied to the actuator through an external MOSFET H- 
bridge as follows: 


SE3-SE1 = 30 (ERR-VREF) 


PFET Driver - Drive signals for P channel MOSFETs connected between 
VBRIDGE and the voice coil actuator. Crossover protection circuitry ensures that 


AOQUTA 

| AOUTC 
the P and N channel devices driven by OUTC and OUTD are never enabled 
simultaneously. 


AOQUTB NFET Driver - Drive signals for N channel MOSFETs connected between the | 
AOUTD current sense resistor and the voice coil actuator. 
O 


PES1 = BURST1-BURST2 
SWIN 


VBRIDGE Bridge Voltage Supply - Pin for connection to the voltage supply provided to 
external power transistors. 

VRETRACT Retract Voltage - In head retract mode this voltage is applied across the actuator 
to force the heads to move at a constant speed. 

AOUTR Head Retract Amplifier Output - Voltage output to drive an external head retract 
Circuit. | 

SE1 Motor Voltage Sense Input - These inputs provide feedback to the internal 

SE3 MOSFET drive amplifier. | 


SE2 Motor Current Sense Input - Non-inverting input to the current sense differential 
amplifier. It should be connected to an external current sense resistor. The 
SOUT | 


inverting input of the differential amplifier is SE1. 


Motor Current Sense Output - This output provides a voltage proportional to the | 
voltage drop across the external current sense resistor as follows: 


SOUT-ERREF = 4 (SE2-SE1) 
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HEAD POSITIONER MOSFET DRIVER AND VOLTAGE FAULT DETECTION (continued) 


TYPE | DESCRIPTION 
VX ¥ Crossover Protection Voltage - The current source output at VX is convertedtoa 


voltage with an extemal resistor. The value of the resistor should be adjusted so 
that VX is less than the specified minimum threshold voltage of the MOSFET 
bridge. 
PSB 
PSV 
7 | 
| establish a reference current for bias currents used in analog circuits. 
Reset Input - When set LOW, all the internal registers are reset and a forced head 
retraction is activated. 
Reset Output - Active LOW output signal, which is generated by a supply voltage 
fault or RESET being pulled LOW externally. 


Internal Voltage Reference - A voltage reference at 2.25 volts is generated 
internally for the DC reference level throughout the device. Due to limited drive 
Capability provided with on-chip voltage reference, this pin shall be used only for 
connecting an external bypass capacitor of 10 pF. 


Bias Current Reference - Pin for connection to an external resistor (from GND) to 


Bypass Voltage Supply - The VBRIDGE voltage is stored on this node for use 
during retract. 

Fault Voltage Comparator Inputs - Voltage inputs for the low voltage 

Reset Output - Active HIGH output signal which is inverted version of SYSRST. 
Pin for connection to an external capacitor to extend the active low duration of 
SYSRST. 


comparators. These two inputs should be connected to separate external resistor 
SPINDLE MOTOR SPEED CONTROL 


dividers. Each resistor divider divides its corresponding supply voltage to a proper 
value which is comparable with the internal voltage reference at 2.25 volts. 
EXTINDX 
SYSCLK 


EXTRC 
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External Index Input - This TTL compatible input, when selected via the INDEX SEL 
bit, is used to provide a once-per-revolution indication of angular position and 
speed to the device. The falling edge of EXTINDX is the reference. 


System Clock Input - A TTL compatible input is provided to derive internal timing 
signals. 


Pin for connection to a resistor (from VDD) and a capacitor (from GND) to provide 
the commutation delay. The commutation delay is 0.56 RC. Afterthe commutation 
delay, the timing block provides a noise rejection interval to reject transients onthe 
motor coils due to commutations. This noise rejection is an additional 0.29 RC. 
The total time (commutation delay and noise rejection internal) must be less than 
a commutation cycle time. 
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SPINDLE MOTOR SPEED CONTROL (continued) 


BRAKE Spindle Braking Enable - This input, when active LOW, dynamically brakes the 
spindle motor. A resistor (from SYSRST) and a capacitor (from GND) are con- 
nected to this pin to provide a delay between the initiation of fault-induced head 
retraction and motor braking. RC are selected such that 1.2 RC is equal to the 
maximum time required for head retraction. 


Buffered Bias Voltage - VBIAS is buffered VREF to be used for VLIM and motor 
speed setting bias. (In some applications, it is necessary to create an “offset” to 
the speed control loop to obtain proper speed regulation.) 


Proportional Channel D/A Output - The proportional channel output is the least 
significant 5 bits plus sign of the period measuring counter. The LSB signifies a 
2 microsecond period variation. 


VBIAS 


PROP 
INTEGRAL 


| 7 
S| 


Integral Channel D/A Output - The integral channel output is the most significant 
6 bits of an 8-bit accumulator. The accumulator adds the least 8 bits of the period 
measurement counter to the previous value obtained from prior period mea- 
surements and accumulations. 


Speed Control Voltage Input - The combination of external driver transistors and 

internal predriver circuits forms a transconductance amplifier which will define the 

motor current in relation to VIN. In conjunction with the SENSE input and the gain 

setting for the sense amplifier, the transconductance gain is given by: 
Om=!hnp/VIN=1/(Rg*Ay) 

where I, is the current flowing through the spindle motor coils, R, the current sense 

resistor and A\, the transconductance gain defined by TGAINO and TGAIN1 bits. 


Current Limit Setting Voltage - The spindle motor current will be limited to a value 
determined by Rg, VLIM and Av such that Imax=VLIM/(Rg*Ay). VLIM is used 
whenever the spindle speed is measured less than 3490 RPM (4631), 5162 RPM 
(4632). 


Current Sense Amplifier Noninverting Input - The external driver transistor sources 
are connected to a current sense resistor Rg to monitor motor current. The device 
will control the voltage across the sense resistor to match either VIN (during normal 
operation) and VLIM (during acceleration). 


Current Sense Amplifier Reference Input - Pin fora Kelvin connection to the ground 
side of the sense resistor. 


SENSE 


SENSEREF 


OUTA 
OUTB 
OUTC 


Predriver Outputs - These predriver outputs drive the gates of external power 
NFETs. They are configured as open-drain outputs with internal 10 KQ 
_ pull-up resistors to VBEMF. 


OUTUPA O Upper Pull-up Outputs - These predriver outputs drive the gates of external 
OUTUPB power PFETs. They are configured as open-drain outputs with internal 
OUTUPC 10 KQ pull-up resistors to VBEMF. | 


Center Tap Predriver - This output drives an external PFET driver which connects 

the motor center tap to the positive power supply for unipolar drive applications. | 
OUTCT has the same characteristics as OUTUPA,B,C and is enabled via the 
UNIPOLAR bit. 
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SPINDLE MOTOR SPEED CONTROL (continued) 


| NAME —_—=| TYPE DESCRIPTION 


Back-emf Voltage - A power diode voltage drop from the motor power supply is 
defined as VBEMF. The external PFET sources are connected to VBEMF as is 
this pin. During power failure, this voltage is used to provide power for head 
retraction and motor braking. 


BEMFB 
BEMFC 
CTSENSE 


REVCLK 


DATA ACQUISITION AND MICROPROCESSOR BUS INTERFACE 


Address Latch Enable - Falling edge latches the register address from the | 
ADO..AD7 address/data bus. 


Address Strobe Enable - When set LOW, this input enables ALE input to the 
device. 


Chip Select - Active LOW signal enables the device to respond to pP read orwrite. 


Write Strobe - In Intel uP applications, active LOW signal causes the data on the 
address/data bus to be written to the addressed register if CS is also active. 


Read Strobe - In Intel uP applications, active LOW signal causes the contents of 
the addressed register to be placed on the address/data bus if CS is also active. 


Address/Data Bus - 8-bit bus which carries register address information and 
| bidirectional data. These pins are in the high impedance state when not used. 


Mode Select - When active HIGH, Intel bus interface is selected. Otherwise, 
Motorola bus interface is selected. 


Interrupt Strobe - Active LOW output signals the uP to respond to the device. Itis | 
released when all the pending interrupts have been serviced by the pP. 


PWRDN Power-down Mode Enable - When set HIGH, the device is in the power-down 
mode where all analog circuitry is de-biased, the clock is disabled and the output 


the center tap for sensing generated back-emf voltages. The device uses the 
back-emf voltages to determine the rotor position and effect commutation. 


Revolution Clock Output - This output generates a once-per-revolution indication 
of motor activity derived from back-emf events. 


BEMFA ¥ Back-emf Inputs - Inputs to be connected to their respective motor coils and 


drivers are pulled to logical HIGH. 


Error DAC Output - An 8-bit D/A output which converts a digital word from the uP 
into an analog signal. This signal is fed back to the position error amplifier through 
external RC components. 


Reference voltage for D/A output ERRDAC. 
External A/D input. 


Test point for the X4 amplifier output which is the input to the A/D converter. 


ERREF 
ADCIN 
MUXOUT 
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EMBEDDED SERVO TIMING CONTROLLER 


|NAME TYPE | DESCRIPTION | 


Bit Synchronization Input - The internal servo timing controller is synchronized with 
this TTL compatible input. 


AGC Gain Hold - TTL compatible control signal holds the input AGC amplifier gain 
of a pulse detector, such as 32P4620, when pulled LOW. 


WGIN Write Gate Input - TTL compatible input from the storage controller. 


Write Gate Output - TTL compatible control signal derived from WGIN. This output 
will be pulled LOW during embedded servo position burst sampling. 


Read/Write Control Output - TTL compatible control signal derived from WGIN. 


when a low voltage fault occurs. 


ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 
Exposure to absolute maximum rating conditions for extended periods may cause permanent damage to the 
device or affect reliability. 


PARAMETER SYMBOL | CONDITIONS 
VDD 


Supply voltage applied at 


VPA, VPB, VPC, VPD, 
VPG 


Signal ground applied at GND 
VNA, VNB, VNC, VND, 
VND2, VNG 


| Bridge voltage applied at VBRIDGE 
VBRIDGE 
Bypass voltage applied at VBYP 
VBYP 
Back-emf voltage applied VBEMF 
t VBEMF 
VBEMF current if 
VBEMF>18V 


Digital input voltages VDD+0.3 


7.0 
14.0 
14.0 
20.0 

5.0 

VDD+0.3 


< 
300 °C 


6-64 


This output will be pulled HIGH during embedded servo position burst sampling or | , 
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OPERATING ENVIRONMENT LIMITATIONS 


The recommended operating conditions for the device are indicated in the table below. Performance 
specifications do not apply where the device is operating outside these limits. 


PARAMETER SYMBOL | CONDITIONS 
Supply voltage applied at VDD 
VPA,VPB,VPC,VPD,VPG 
Signal ground applied at GND 
VND2,VNG 

n 


VNA,VNB,VNC,VND, 

Bridge voltage applied VBRIDGE 
at VBRIDGE 

Bypass voltage applied VBRIDGE 
at VBYP -VBYP 
Back-emf voltage applied VBRIDGE 
at VBEMF -VBEMF 
Ambient temperature 
System clock (10 MHz, Max) 


Capacitive load on digital CL 
outputs 
Analog input impedance Rin 


Load on analog outputs Rout 


Cout 


Bias resistor (22.6 kQ, Typ) RBIAS 


DC CHARACTERISTICS 


The following electrical specifications apply to the digital input and output signals over the recommended 
operating range unless otherwise noted. Positive current is defined as entering the device. Minimum and 
maximum are based upon the magnitude of the number. 


ll cel 
caer a 


Power-down mode Pete ee 


Output logic “1” voltage Voh loh=-0.4 mA 2.4 V 
VDD=4.75V 
Output logic “0” voltage O lol=1.6 mA 
VDD=4.75V 
i ed 


les | 
Input logic “1” voltage vbD=4.75V. | 2.0 | 
vop=4.75vV__ | 
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Supply current 
Normal mode 


Input logic “O” voltage 
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ELECTRICAL SPECIFICATIONS (continued) 


DC CHARACTERISTICS (continued) 


PARAMETER SYMBOL | CONDITIONS 


Input logic “1” current Vih=5.25V — 


VDD=5.25V 


Input logic “O” current Vil=0.0 
VDD=5.25V 


Input capacitance cin 


FUNCTIONAL CHARACTERISTICS 


Dedicated Servo Position Processor 


PARAMETER CONDITIONS 
N,Q comparator hysteresis 


Commutator comparator 
offset 

N,Q input voltage 

w.r.t GND 


NQREF w.r.t. GND 


Channel gain from N,Q 
to PESO 


PESO output swing 

w.r.t. VREF 

PESO offset 

PESO output corner frequency 


Embedded Servo Burst Amplitude Processor 


SERIN wt. GND _ Res 
SEREF wrt. GND eee el 


SERIN input voltage Channel gain=-6 dB 
swing w.r.t. SEREF Channel gain=0 dB 
Servo burst frequency 


ie ee 
| oo | - | 
a eae 
a 2 oe 
Input impedance at 20 te. ee lt ee | 
SERIN, SEREF |. | - [ 1 | pF | 


DC offset at PES1,PES2 BURST1=BURST2=0.5V 
BURST3=BURST4=0.5V 
DC offset at SUM1,SUM2 


| BURST1-BURST2-0.5V 
BURST3=BURST4=0.5V 
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Embedded Servo Burst Amplitude Processor (continued) 


PARAMETER CONDITIONS | min | NOM | 
Differential gain error 

at PES1,PES2,SUM1,SUM2 

Integral gain error 

at PES1,PES2,SUM1,SUM2 

PES1,PES2 output swing 

w.r.t. VREF 


SUM1,SUM2 output swing 
w.r.t. VREF 

Allowable load at PES1, PES2, 
SUM1,SUM2 to VREF 


Embedded Servo Timing 


The following timing specifications are applied when the internal servo timing block is selected by pulling the 
TIMING bit to logical LOW. Timing measurements are defined in Figure 3 and made at 50% VDD with 50 pF 
load capacitances for all pins, unless otherwise noted. 


PARAMETER SYMBOL 


Burst cell time tBsT 
TIMO='0" 


TIM1='0" 
TIM1='0" 
TIMO='0" TIM1="1" 
TIMO="1" TIM1="1" 


EXDET pulse width 


Internal first sampling time 
from EXDET rise 
LEAD='0’ 


tExDW 
tspp 


Sampling pulse width 
TIMO=’0’ TIM1='0’ 


TIMO="1’ TIM1='0" 
TIMO='0" TIM1="1" 
TIMO="1" TIM1="1" 


Acquisition pulse width tAPW 


Discharge pulse width tbis 


Nonoverlapping time between 
sampling & acquisition pulses 
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Embedded Servo Timing (continued) 


PARAMETER SYMBOL | MIN | 


Burst ready interrupt from UNT 
(4tasT+5.2) 


EXDET rise 
|| Rtasr5.2) 
pF esr) 
P| tas 15.2) 


a 

oe 

ee | 

WGOUT & RW delay time tpwG US 

from EXDET rise 

WGOUT & RW hold time {xwG | 

from EXDET rise | | | 

DIBURST=’0’ LEAD='0" (4tag7+1.0) (4tag7+1.7) Us 

mas c 
tel us 
- 


DIBURST='0" 
DIBURST='1’ 


LEAD=’0’ 
LEAD=’0’ 
DIBURST=’0’ LEAD='1’ 
DIBURST="1' LEAD="1’ 


(StasT+5.9) 
(3t—gT+5.9) 


rise 
LEAD=’0’ 


LEAD="1’ 


~ HOLD hold time from EXDET 
rise 
DIBURST='0' 


DIBURST='1’ 


HOLD delay time from EXDET 
|| tag +0-2) 


DIBURST="1’ aa (2tag7+1.0) 
DIBURST=0' LEAD="1" | = |_—(&tggt+1.0) 
DIBURST="1" LEAD='1’ cea (3ta97+1.0) 
'DHL 
0.7 ys 
{XHL | 
| (4tast+1.0) (4tastt+1.7) Us 
(2tggT+1.0) (2tgg7+1.7) 


The following timing specifications are applied when the internal servo timing block is selected by pulling the 
TIMING bit to logical HIGH. Timing measurements are defined in Figure 4 and made at 50% VDD with 50 pF 
_ load capacitances for all pins, unless otherwise noted. | 
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Embedded Servo Timing (continued) 


PARAMETER SYMBOL | MIN | NOM | 
WGOUT & RW hold time from | ‘xwG 

last ACQX fall 

HOLD delay time from first {DHL 

SAMPLEX rise 

HOLD hold time from last tXHL 

ACQX fall 


Head Positioner MOSFET Driver 


UNIT 


_ 
N 


i) 
N 


—_- 
N 


Retract offset 
VBEMF = 3V 


VBEMF = 6V 
VBEMF = 12V 


Voh at AOUTR 
VBEMF = 4V VBYP = 4V 


< 


RETRACT = LOW 
AOUTR = OV to 14V 


loh=-1 mA 


VBRIDGE-0.5 
VBYP-0.5 


Vol at AOUTB, AOUTD lol=1mA 
lol= 10 pA 


Input offset at SOUT 
SOUT/(SE1-SE2) 


SE1/ERR, SE3/ERR 
ERRAMP input offset 


ERRAMP gain 


Output crossover time PFET VTH = -2V 
CL = 600 pF at AOUTA,C NFET VTH = 2V 
CL = 150 pF at AOUTB,D Ry =50kQ 


Input impedance at SE1, 
SE2,SE3 
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e) 


SYSCLK duty cycle 
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Voltage Reference and nee Fault Circuit 
PARAMETER CONDITIONS 


VPB voltage for SYSRST 
& RCRST in operation 


On resistance at RCRST 
VPB>3.5V VBYP>4V 


VPB>3.5V  VBYP>10V 


RCRST input threshold VBYP=4V 
IBR voltage w.r.t. VREF 
VREF aie [IN|<10pA 


ee ed 

ee ee 

| 14 
| TRIMO = ‘1’, TRIM1 ='1’ 

a 

aoe 


TRIMO = '0’ TRIM1 = 0’ 
TRIMO ='0’ TRIM1 ='1’ 
TRIMO ='1’ TRIM1 = ‘0’ | 


PSB,PSV comparator offset 


Spindle Motor Speed Control 


EXTINDX pulse width 
Timing resistor at EXTRC 
Timing capacitor at EXTRC 


Delay time variation relative 
to T0* 


Vil at BRAKE VBEMF = 5V 
Vih at BRAKE VBEMF = 5V 


Output voltage swing at PROP} I5,,4<0.1mA 
& INTEGRAL 

DAC step size at PROP & 

INTEGRAL 


Output impedance at PROP & | 0.5V<V_4<2.0V 
INTEGRAL lout=0-1mA 


te 


te 
| 085 
— 


ae 
Kp, proportional gain** 32H4631 | 0.70 
Ki,integral gain 32H4631 


ARCA SS AT: SA 
ee ee ee ec ey - 


I*TO is the commutation delay and is given by the relationship TO = 0.56RC. Suggested value for C would 
be 470 to 1000 pF. An external R and C must be provided such that TO is greater than 10 pis (R=22 kQ, 
C=470 pF). 

**The motor speed control loop can be described as: H(s)=Kp)+Kj/s 
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Spindle Motor Speed Control (continued) 


PARAMETER 


VIN & VLIM 


Output resistance at 
OUTUPA,B,C & OUTCT 


Vol at OUTUPA,B,C & 
OUTCT 


Output resistance at 
OUTA,B,C 


Input leakage current at 
SENSE 


Input leakage current at 
SENSEREF 


Input capacitance at 
SENSE & SENSEREF 


Gain variation* 
Input impedance at 
BEMFA,B,C,CTSENSE 


Speed resolution 32H4631 | 3593.5 0.012 3606.5 % 
32H4632] 53859 | 0.18 | 5415.1 % 


“The transconductance gain from VIN or VLIM to the steady-state current flowing through the motor is given 
by G = 1(RgeNsE ° Ay) 


DATA ACQUISITION 


A/D Converter 


PARAMETER CONDITIONS /MIN| NOM 
ADCIN full-scale X4=LOW | = | +(VREF/2) 
swing w.r.t. VREF X4-HIGH | - | 4(VREF/8) 


Resolution 


| vRer266 | - 
|vREF/o24 | - 
ee E 


LSB voltage X4=LOW 


PXacHIGH | 
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DATA ACQUISITION (continued) 


Error D/A Converter 


PARAMETER CONDITIONS 


ERRDAC full-scale voltage 
swing w.r.t ERREF 


+(VREF/2) 


VREF/256 


Conversion time” 


LSB voltage 
Differential nonlinearity 


“A maximum of 2 1s of latency between a conversion request and the actual start of conversion must be added 
to this conversion time of 4 1s to calculate the total delay time from a conversion request to the completion 
of conversion. , 


Intel Microprocessor Interface Timing 


The following timing specifications are applied when an Intel bus interface is selected by pulling the 
BUSMODE pin to logical HIGH. Timing measurements are defined in Figure 5 and made at 50% VDD with 
50 pF load capacitances for all pins, unless otherwise noted. 


PARAMETER SYMBOL 

Pulse width, ALE HIGH tALPW 

Muxed address valid time to ALE fall tas 
TAH. 


_ MIN 
, moe 
dt fas 78 

| Muxed address hold time from ALE fall [aH | 20 
| Read data delay time from AD fal | 'D0R_— | 
Read data hold time from RD rise tpHRitsti‘irL:Ci CS 

| Pulse width, RDLOW | RDPW | 200 
|TSvalidtimeto Ale fal ss tcss,_ | 
| CSholdtimetromABorWArise _|tcsH_ | 
ASE valid time to ALE fall 


ASE hold time from ALE fall TASEH 
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Motorola Microprocessor interface Timing 


The following timing specifications are applied when a Motorola bus interface is selected by pulling the 
BUSMODE pin to logical LOW. Timing measurements are defined in Figure 6 and made at 50% VDD with 
50 pF load capacitances for all pins, unless otherwise noted. 

PARAMETER 

Pulse width, AS HIGH 

Muxed address valid time to AS fall 
Muxed address hold time from AS fall 


Read data delay time from DS rise 
Read data hold time from DS fall 
Pulse width, DS HIGH during READ 
Write data setup time to DS fall 
Write data hold time from DS fall 
Pulse width, DS HIGH during WRITE 


DS delay time from AS fall tASDS 
R/W delay time from AS fall during WRITE | taSRW 


R/W hold time from DS fall during WRITE 
CS valid time to AS fall 

S hold time from DS fall 

E valid time to AS fall 

E hold time from AS fall 


| | | 
| M 


Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use 
for final design. 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other 
rights of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. 
Silicon Systems reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to 
verify that the data sheet is current before placing orders. 


Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 
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Jl Si SFOHIS ° Differential Amplifier 
A TDK Group f Company 


November 1991 
DESCRIPTION FEATURES 


The SSI 32H6110 is a high performance, differential ° High gain (Av=300) 
amplifier used as a preamplifier for the magnetic servo 
thin-film head in Winchester disk drives. The SSI} ° Lownoise, 0.85nV/VHz maximum 


32H6110 is offered in an 8-pin SON package. ¢ Operates with a +5V power supply 


BLOCK DIAGRAM PIN DIAGRAM 


VCC 


INPUT 1(+)| | 1 a} | Nec 


eure OUTPUTI (4) INPUT 2(-)} | 2 7| | vec 
INPUT2 (-) OUTPUT2 (-) seENOTE| | 3 6| | OuTPUT2() 


GND} | 4 5| | OUTPUT 1 (+) 


GND 


8-Pin SON 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS - operating above maximum ratings may damage the device 


PARAMETER RATING UNIT 


[Power Supply Volage(voO)———SSC~—“—~sdSOSC“‘(NCSCSCOC~*~*~*‘’ v 
[Storage TemperatureRange | OOO | 
C 
[Operating Junction Temperature, T) | 1010185 °C 


RECOMMENDED OPERATING CONDITIONS 


|SupplyVoltage(vcc) | 
‘input Sonai(vin | 
Ambient Temperate | 
Operating unetonTemperaure | SS 


ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, recommended operating conditions apply. 


PARAMETER CONDITIONS 


Gain (Differential) Rt = 120Q Vin = 1mVpp, R, = 120Q 
Ta = 25°C, f = 1 MHz 


Vin = 1mVpp, R, = 100Q 
Ta = 25°C, f = 1 MHz 


Bandwidth (3 dB) ~| Vin = imVpp, Cr = 15 pF 
R, = 120Q 


aol Beal 

"Gain Senstviy Supp) | tawawc SSS 
Gain senstiay Temp) | 150<Tacsse | «4 —~*i; ane | re 

i - | 06 

: aan LR 

wt 


Rt = 100Q 


Input Noise Voltage Input Referred, Rs = 0 
Input Capacitance (Differential) Vin = 1 mVpp, f = 5 MHz 
Input Resistance (Differential) ee 


Common Mode Rejection Vin = 100 mVpp, f = 1 MHz 
Ratio (Input Referred) 


Power Supply Vin = 100 mVpp, f = 1 MHz 
Rejection Ratio (Input Referred) 
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ELECTRICAL CHARACTERISTICS, (Continued) 
Unless otherwise specified, recommended operating conditions apply. 


Input Dynamic AC input voltage where 
Range (Differential) gain falls to 90% of its small 
signal value, f = 5MHz, 
R, = 120Q 


APPLICATION INFORMATION 


RECOMMENDED LOAD CONDITIONS 


1. Input is directly coupled to the head. 
Cc’s are AC coupling capacitors. 


Rt’s are DC bias and termination resistors, 120Q 
recommended. 


REQ. represents equivalent load resistance. 


5. Ceramic capacitors (0.1 uF) are recommended for 
good power supply noise filtering. 


FIGURE 1: Connection Diagram 
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PACKAGE PIN DESIGNATIONS 
(Top View) 


INPUT 1(+)} | 1 8| | NIC (See Note) 


SEE NOTE ta 3 6 ie OUTPUT 2 (-) 


Gnp| | 4 5 | | OUTPUT 4 (+) 


8-Pin SON 


NOTE : N/C pin must be left open and not connected to any circuit etch. 


ORDERING INFORMATION 


PART DESCRIPTION ORDERING NUMBER PACKAGE MARK 
SSI 32H61 10 Ditferential Ampitier ies Sees 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. . 
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ie SSI 32H6210 
son ses : Servo Demodulator 


Preliminary Data 


December 1991 
DESCRIPTION FEATURES 
The SSI 32H6210 Servo Demodulator is a bipolar ° Servo signal demodulation for dedicated sur- 
device intended for use in Winchester disk drives with face head positioning systems 
dedicated surface head positioning systems. It proc- © Supports industry standard di-bit quadrature 
esses a di-bit quadrature pattern read from the servo servo pattern with frame rates up to 400 kHz 
surface by a preamplifier, such as the SSI 32H1010r =e N, Q outputs convey track crossing and posi- 


and Q) position reference signals. These signals pro- 
vide the servo controller with positionerrorfeedback.A ° PLL for timing recovery and synchronization 
complete position control system can be realized with ¢ Adjustable sync separator threshold 

the SSI 32H6210 and its companion devices, the 
SSI 32H6220 Servo Controller and SSI 32H6230 
Servo Motor Driver. e AGC reference level adjustment 


¢ Auto-zeroing AGC input amplifier 


The SSI 32H6210 incorporates an input amplifier with e iereels om Dand dep vonage telerence outpat 


automatic gain control and offset cancellation,aphase °¢ Advancedbipolar process dissipates less than 
locked loop and sync separator to recover timing 900 mW (5V, 12V) 

information, and pulse area detectors to recover the , Available in 28-pin PLCC, DIP, SO packages 
position information. External components are used to 

set the operating characteristics of the SSI 32H6210, 

such as AGC response, VCO center frequency, PLL 

response and sync separator threshold. Its high per- 

formance analog/digital circuitry is capable of sup- 

porting servo frame rates of up to 400 kHz. 
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FUNCTIONAL DESCRIPTION 
(Refer to block diagram, and typical application, Fig.2) 


The SSI 32H6210 processes servo position 
information which is read from a dedicated surface by 
a pre-amplifier. The servo information must conform to 
the ‘di-bit quadrature’ pattern which is illustrated in 
Figure 4. Servo frames, consisting of data and sync 
pulses followed by four information pulses (A, B, C, D) 
are prerecorded along each track of the servo surface. 
Allthe servo frames on an individual track are identical, 
but in the radial direction four different frame types are 
encountered, with every fourth track being identical. 
The N signal generated by the SSI 32H6210 is 
proportional to the difference in sizes of pulses A and 
B, while the Q signal is proportional to the difference 
between pulses C and D. When the read head is off 
track, the read signal is effectively a linear interpolation 
between the prerecorded information of two adjacent 
tracks, making it possible to sense the head 
displacement exactly. 


The SSI 32H6210 has a differential input amplifier 
which incorporates offset voltage cancellation and 
automatic gain control. An external read preamplifier 
must provide a differential input signal of 23 to 400 mV 
peak to peak from the servo read head. This signal is 
applied to apulse detectorwhose output is proportional 
to the area under the input pulse. 


An AGC circuit adjusts the input gain so that the 
maximum pulse detector output is 2V peak. The AGC 
circuit incorporates a peak detector which stores the 
maximum pulse area signal on the external capacitor 
Cex. This signal is compared to an internal amplitude 
reference and the input amplifier gain is adjusted until 
they are equal. The capacitor Cacc determines the 
response time of the gain control circuit. An offset 
cancellation circuit , whose response is set with the 
external capacitor Caz, ensures that the average level 
at the differential amplifier output is Zero. 


An AGC adjust (AGCADJ) pin allows the user to adjust 
the AGC reference level. AGCADJ can be driven with 
a potentiometer or a D/A ( a simple Pulse Width 
Modulated signal is usually sufficient.) This pin is left 
open if no AGC adjustment is required. 


All internal analog signals are referenced to a 5.4V 
bandgap reference voltage. This level is available at 
the VREF output, which is capable of supplying 10 mA 
to the rest of the servo path electronics. 


Inastandard servo frame, the data and sync pulses are 
more closely spaced than the information pulses (A-D). 
This allows the sync detect circuit to recover the SYNC 
pulses. A threshold, which is defined as percentage of 
the peak signal at the output of the AGC amplifier, is set 
externally with RtH. Pulses which exceed this thresh- 
old are defined as valid pulses. As illustrated in Figure 
6, at the end of the positive going half of a valid pulse, 
a window, whose width is set by Rw and Cw, is opened. 
If a second valid pulse occurs within this window, it is 
recognized as a SYNC pulse. This pulse becomes the 
input signal to a phase locked loop whose VCO clock 
frequency is 32 times the SYNC frequency (servo 
frame rate). The DATA output rises after a missing data 
pulse. The example illustrated in Figure 6 includes the 
case of amissing DATA pulse. The SYNC clock output, 
which marks the start of a new servo frame, is derived 
fromthe VCO output so that the clock continues to run 
when a data pulse is missing. Absolute positioning 
information such as track 0 and guardband flags may 
be encoded on the servo surface by the omission of 
data pulses. 


To generate the servo pattern shown in the timing 
diagram, Figure 5, the DATA and SYNC pulses must 
be written to overlap as shown in Figure 7. 


The phase detector compares the detected sync 
pulses with the SYNC output. A current pulse propor- 
tional to the phase error is applied to an external loop 
filter network connected to the LF pin, to generate the 
VCO control voltage. If improved power supply rejec- 
tion is required, bypassing may be provided at pins 
BP1 and BP2. The VCO center frequency is deter- 
mined by the external components Rvco and Cvco. 


A lock detect circuit measures the phase difference 
between the detected sync pulses and the sync output. 
When this difference exceeds half of a VCO clock 
cycle, a pulse of discharge current is applied to CLD. 
Otherwise a pulse of charging current is applied to 
CLD. 


Aciamp circuit limits the swing of the CLD pin and also 
insures that a small amount of hysteresis is present. 
When the voltage on CLD falls below the upper clamp 
level by more than the “lock margin,” the open collector 
LOCK output transistor is turned on. Likewise, when 
the voltage on CLD rises above the lower clamp level 
by more than the “unlock margin,” the LOCK output 
transistor is turned off. 
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FUNCTIONAL DESCRIPTION (Continued) 


Internal timing windows are generated from the recov- 
ered SYNC pulse and VCO clock. These windows, 
WA, WB, WC, and WD, in Figure 5, enable the four 
peak detectors to capture the A, B, C and D information 
pulses. The N and Q analog outputs are formed by 
differencing adjacent pulses. These outputs change 
during a servo frame and only become valid after the D 
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pulse has been detected. N and Q should be sampled 
by the servo controller on the next falling edge of the 
SYNC output clock. 

An example of an entire servo path implemented with 
the SS! 32H6210 and its companion devices, the 
SSI 32H6220 and SSI 32H6230, is shown in Figure 9. 
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FIGURE 2: Typical Application 
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PIN DESCRIPTION 


TYPE DESCRIPTION . 


REFERENCE VOLTAGE - 5.4V output. All analog signals are refer- 
enced to this voltage. 


ANALOG GROUND 
ANALOG SUPPLY - 12V power supply. 
DIGITAL SUPPLY - 5V power supply. 


DIGITAL GROUND 


AUTOZERO CAPACITOR - Acapacitor which sets the response of the 
input amplifier offset cancellation circuit should be connected between 
this pin and analog ground. 


IN + NON-INVERTING INPUT - AGC input amplifier connection. The non- 
inverting output of the differential servo pre-amplifier should be AC 

| coupled to this pin. 
IN - INVERTING INPUT - AGC input amplifier connection. The inverting 


> 
G) 
= 
Oo 


output of the differential servo pre-amplifier should be AC coupled to this 
pin. 
PEAK HOLD CAPACITOR - A capacitor which is used by the peak 


detector of the AGC circuitry must be connected between this pin and 
analog ground. 


CAGC AGC CAPACITOR - A capacitor which sets the AGC attack and decay 
times must be connected between this pin and analog ground. 


AGCADJ AGC Adjust - This pin allows for AGC reference level adjustment. It is 
driven by a potentiometer or D/A. Normally this pin is left open. 


TIMING RECOVERY 
BP1,BP2 


DESCRIPTION 


VCO OUTPUT - TTL compatible digital clock which is 32 times the sync 
frequency (servo frame rate). 


VCO CAPACITOR - Connection points for a capacitor which sets the 
VCO center frequency in conjunction with an external resistor con- 
nected to RVCO. 


PLL BYPASS - Bypass capacitors may be connected between these 
pins and analog ground to provide additional power supply rejection in 
the phase locked loop. 


TYPE 
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TIMING RECOVERY (Continued) 


TYPE DESCRIPTION 


PHASE LOCKED LOOP FILTER - An external RC network which sets 
the PLL loop characteristics must be connected between this pin and 
analog ground. 


VCO RESISTOR - Connection for a resistor which sets the VCO center 
frequency, in conjunction with the capacitor between pins C1 and C2. 
The resistor must be connected between this pin and the VREF output. 


SYNC OUTPUT - TTL compatible digital clock whose falling edge 
indicates the presence of valid analog signals on the N and Q outputs. 
There is one SYNC cycle per servo frame. 


DATA OUTPUT - Active low TTL compatible digital output that indicates 
the presence of a data pulse in the servo frame. This signal is updated 
on the falling edge of the SYNC output. 


TIMING WINDOW - A resistor and capacitor must be connected in 
parallel between this pin and analog ground to set a timing window 
which is used in detecting SYNC pulses. 


PULSE THRESHOLD - A resistor which sets a threshold for SYNC and 
DATA pulse detection must be connected between this pin and VCC 


(digital 5V supply). 


LOCK DETECT CAPACITOR - The value of this capacitor determines 
how quickly the LOCK output responds (1000 pF). 


LOCK OUTPUT - Anopen collector output that indicates the lock status 
of the PLL. 


AREA DETECTOR CAPACITOR - A capacitor, which forms an inte- 
grator to sense the pulse area of the servo position signals, must be 
connected between this point and analog ground. 


N OUTPUT - This sampled analog signal is the normal position 
reference output. N is referenced to VREF and is periodic in radial 
displacement, with a period of 4 tracks. 


Q OUTPUT - This sampled analog signal is the quadrature position 
reference output. Q is referenced to VREF and is periodic in radial 
displacement, with a period of 4 tracks. It is 90 degrees out of phase with 
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ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 
(Maximum limits indicate where permanent device damage occurs. Continuous operation at these limits is 
not intended and should be limited to those conditions specified in the DC operating characteristics.) 


VCC voltage eed 


. 
a 
= 
[260 


RECOMMENDED OPERATION CONDITIONS (Unless otherwise noted, the following conditions are valid 
throughout this document.) 


PARAMETER 


| MIN 
10.8 
suppose Raw 
vec doiaisppy | SC*d 
ra, ambinttemperaure | —SSSCS~dtCiC 
Din ar 
. = 
tks 


CONDITIONS 


VCO operating range 
To VREF 
Load capacitance a 


DC CHARACTERISTICS 
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ELECTRICAL SPECIFICATIONS (Continued) 


AC CHARACTERISTICS 
PARAMETER CONDITIONS | MAX | 


VREF output impedance IOUT = 0-10 mA 
1 pF bypass to AGND 
Frequency<15MHz 


Output impedance F = 1 MHz 


Voltage per track Referenced to VREF 
23-400 mVpp differential 


HOLT el ys 


AGCADJ open 


Output noise 10 Hz<F<1 kHz 


——— 
Finputresistnce mismatch [| 
| Inputcapacitance | 
reser SS*d CO 
Paacheaoom 


AGC bandwidth Open loop unity gain 


Cacc=0.04 uF 
Crk=1500 pF 


220/Caz 


Open cut vokage —— 
en SSC~“<~sSC“‘“‘SSSSSS 
votspertackadvange fT 


07 | 076 
Input impedance, Racc Ta = 25°C 
Temp. coefficient 


SYNC detector 
Rw in Q, Cw in pF 0.4(RweCw)+43-10° | os | 
Valid pulse threshold Rr inkQ(% of fullscale) | ——‘|0.37/RTH Sf mH 


1291 - rev. 6-85 


SSI 32H6210 
Servo Demodulator 


ELECTRICAL SPECIFICATIONS (Continued) 


AC CHARACTERISTICS (Continued) 


Fcubleckmagin 
cub uno margin SiS 


mV 
Capture range Centered on selected fyom 6 
VCO phase shift Missing DATA pulse ne 


VCO phase delay Relative to sync 

. pulse zero crossing 

VCO gain 10.47 fvco rad/s/V 
Phase detector gain es ee: 


TIMING CHARACTERISTICS 
(Digital output load capacitance Cl<15 pF, VCO frequency fvco <12.8 MHz, timing measurements for digital 
signals are measured at 1.3V, unless otherwise noted.) 


Too.datascey i SSSCSC~<—~s—C—s~siSSC‘iCd;C 
es ee 

ew 

a 


99 
Q 


TADS, NorQ 
output settling time 


output hold time 
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APPLICATIONS INFORMATION 


Atypical SSI 32H6210 application is shown in Figure 2. 
The selection criteria for the external components 
shown are discussed below. 


INPUT AMPLIFIER 


The autozero circuit is effectively a high pass filter, 
whose pole frequency is given by: 


t. _ 220 
AZ 


~ Caz( uF) 


With a value of 10 pF for Caz, the autozero circuit's 
corner frequency will be 22 Hz. This is sufficient for DC 
offset rejection and it will not interfere with the servo 
signal. 


The AGC response may be characterized in terms of 
the open loop unity gain bandwidth of its control loop. 
The nominal value for this loop is set by Cacc as fol- 


lows: f aw =——390__Hz 


Cacc( pF ) 


For a nominal bandwidth of 10 kHz, Caac should be 
0.039 nF. With a 1% capacitor, the variation in actual 
bandwidth will be +/- 50% due to the tolerance of 
internal components. The AGC peak detector capaci- 
tor should always be set to 1500 pF. This represents a 
reasonable tradeoff between leakage current toler- 
ance and storage aperture time. 


The pulse area detector storage capacitor must be 
chosen to keep the AGC circuit operating within its 
linear range. Its value is related to the VCO frequency 
as follows: 620 


AD = —————— 
fvco(MHz) 


Larger values for CAD are required with lower VCO 
frequencies in order to maintain constant signal levels 
within the device, since the integration time is in- 
creased. 


pF, where fvco is the VCO freq. 


V ngcaps (tYP ) AV 


K=2—V6e (min) 


R1 


= Figo (NY acca 
K dv 


R2-—K_ (A) 
1-K 
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Variable duty 
cycle from CMOS 
BP (voltage swing 
is OV to Vcc) 


FIGURE 3: AGCADJ Input 


for example if:AV = 0.4V, VCC =5V+5%, Ta=0-70°C 
VREF = 5.4V + 6% 


K = .318, dv = 0.26V, R1 = 20.4k, 

R2 = 9.5k 

The amplitude of N & Q signals can be adjusted using 
the AGCADJ input. If it is desired to adjust the N & Q 
amplitude by + AV volts, the values of R1 and R2 can 
be calculated from K and dv as shown in figure 3. 


then: 


When R1 & R2 are calculated, a filter capacitor C is 
calculated from the replication rate of the uP duty cycle 
output. The parallel combination of R1, R2, Raac 
minimizes the ripple of Vacc, and yet still provides 
sufficient response time to changes in duty cycle. 


SYNC DETECTOR 


Two sync detector parameters may be adjusted with 
externalcomponents. The first is the valid pulse thresh- 
old. The threshold is expressed as a percentage of a 
full scale pulse (since the sync detector follows the 
AGC and input amplitude variations are removed). The 
threshold is determined with resistor RTH as follows: 


0.44 


Threshold = ————— 
Rty (kQ) 


. 100(%) 


For example, a value of RTH = 1.0 kQ sets the valid 
pulse threshold at 44% of fullscale. This prevents false 
triggering on noisy signals, but does not unduly shorten 
the sync pulse. 


A timing window is used to detect sync pulses, since 
the sync and data pulses are more closely spaced than 
any other pulses in a valid servo signal. The delay from 
the zero crossing of the data pulse to the leading edge 
of the sync pulse is 1.5 cycles of the VCO clock. The 
next most closely spaced pulses (which must be re- 
jected by the sync detect circuit) are separated by 3 
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APPLICATIONS INFORMATION (Continued) 


SYNC DETECTOR (Continued) 


VCO cycles. Thus the timing window should be set for 
2 cycles of the VCO clock, to allow reliable detection of 
the sync pulse while suppressing false syncs. The 
timing window is determined as follows: 


9 
0.4 ( Ry? Cy) + 43° 10 

The resistor Rw should always be set to 5.6 kQ, which 

means that for a 2 cycle window, Cw is given by: 


Cw = 900 
fvco(MHz) 


For a 12.8 MHz clock, Cw should be chosen as 51 pF. 


19pF 


LOCK DETECTOR 


The LOCK detector behavior is controlled by the value 
of Cipb. A value too small will be prone to unlock 
prematurely and give false warnings to the system. A 
typical value for Cp is 0.001pF. 


PHASE LOCKED LOOP 


The VCO center frequency is determined by Rvco and 
Cvco. Rvco should always be set to 11 kQ+ 1%. Cvco 
may then be chosen by: 


Cvco= 830 - 10.6 pF, 
fvco 
where fvco is the desired center frequency in MHz. 


Forfvco = 12.8 MHz, Cvco=54 pF and forfvco = 4 MHz, 
Cvco = 200 pF. If 1% tolerance external components 
are used, the VCO absolute frequency accuracy will be 
15%. The VCO output frequency is related to the 
control voltage at the loop filter pin, ViF, as follows: 


fo/fvco = 1 + 1.667(ViF - VePi) 
This means that the VCO gain, Ko, is given by: 


Ko = 2 © 2 * fvco(Hz) * 1.667 rads/s/V 


6-88 


The phase detector is a digitally controlled charge 
pump, which injects a current into the loop filter whose 
average value is proportional to the phase error. The 
detector gain, Kd, is fixed at 32 pA/rad. If a loop filter 
consisting of a series resistor and capacitor is used, as 
shown in Figure 2, the phase locked loop becomes a 
second order system with the following transfer 
function: 


phase error 


s/n)? 
! (s) = S/n) 
input phase 


~ 14+2°Ces/on+(s/ an)? 


where: 
wn (natural freq.) = ¥((Ka° Ko/(32° Cx) rad/s 
C(damping factor) = 0.5* Ri» CLi°@n 


As an example, the values for Cvco, Ru and Cu are 


fvco = 12.8 MHz, wn/ (2° 2) = 4600Hz, C = 0.68 


Cvco = 880 —10.6 = 54pF 
fvco | 


Ky Ko - (32°10e — 6)(10.47*fyco) 


Ci4= =. 2QuF 
Lt "32° an? 32(2*n+4600)- 
R.=—2°2 =4700 
Cuiean 
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FIGURE 4: Pre-recorded Servo Signal and Servo 
Demodulator Output vs. Radial Displacement 
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FIGURE 7 : Servo Writer Data-Sync Pulse Generation 
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FIGURE 9: Complete Example of Servo Path Electronics Using SSI 32H6210/6220/6230 Chip Set 
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PACKAGE PIN DESIGNATIONS 
(Top View) for a static sensitive component. 
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Q 13 14 17 
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ORDERING INFORMATION 


PART DESCRIPTION ORDER NO. 


SS1 32H6210 a ee 
28-Pin DIP 32H6210-CP 32H6210-CP 


28-Lead SOL 32H6210-CL 32H6210-CL 
28-Lead PLCC 32H6210-CH 32H6210-CH 
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DESCRIPTION FEATURES 


The SSI 32H6220 Servo Controller is a CMOS device «. Seryo control for Winchester disk drives with 
intended for use in Winchester disk drive head posi- dedicated surface head positioning systems 
tioning systems. When used in conjunction with a 
position reference, such as the SSI 32H567 Servo 
Demodulator, and a motor driver, such as the SSI 
32H569 or the SSI 32H6230 Servo Motor Driver, the °¢ 500 kHz maximum servo frame rate 

device allows the construction of a high performance, 

dedicated surface, head positioning system which op- ° apa eoear bus Interface compatible with 
erates under microprocessor control. 


¢ Accepts standard normal and quadrature posi- 
tion information 


¢ Seek and track modes 
The SSI 32H6220 generates position andtrack cross- , 
ing information from standard normal and quadrature 
position signals, derived from a dedicated servo sur- °® Programmable velocity profile and loop gains 
face. In its seek mode the controller drives the actual , Internal offset cancellation capability 
head velocity towards a programmed target value, 
while in its track mode, it keeps the head centeredon ° Track crossing output clock 
a track. 


Separate position and velocity error outputs 


¢ Low power CMOS design 
(Continued) ° Available ina 44-pin PLCC package 


BLOCK DIAGRAM 


TRKCK TRKCKB FPY FP2 FR4 
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DESCRIPTION (Continued) 


Internal status and control registers allow a micropro- 
cessor to select operating modes, monitor track infor- 
mation and establish velocity targets. Digital outputs 
are available to monitor track crossings and head 
position accuracy. The microprocessor bus interface is 
optimized for use with multiplexed address/data bus 
microprocessors such as Intel’s 8051, operating at up 
to 16 MHz. 


The SSI 32H6220 is a low power, CMOS device and is 
available in a 44-pin PLCC package. 


FUNCTIONAL DESCRIPTION 


The SSI 32H6220 receives position information from a 
servo demodulator through the analog inputs N and Q, 
which are sampled on the falling edge of SYNC. 
FSYNC, the maximum SYNC frequency (which is the 
servo frame rate) is 500 kHz. The position processor 
compares the analog N signal with both Q and —-Q, to 
generate the digital signals NQ and NQ. Since the N 
and Q signals have a period of four tracks, NQ and NQ 
provide additional information over which track the 
head is positioned. Figure 6 shows the behavior of 
various position signals as radial displacement 
changes. 


The 32H6220 is compatible with both hardware and 
software track counting techniques. The software 
track counter interface is bits NQ, NQ, and TRKCS in 
the STATUS register. TRKCS can be programmed to 
pulse on each track crossing or on alternate track 
crossings. NQ and NQ provide information useful to 
“debounce" the TRKCS bit. Internal timing hysterisis 
prevents NQ, NQ, and TRKCS from changing on 
successive frames. The hardware interface is TRKCK, 
an output clock intended to drive a hardware counter 
such as is available in the Intel 8051 family. TRKCK is 
a single frame pulse that occurs whenever a track 
boundary is crossed. During seek mode, TRKCK has 
one full track of hysteresis to prevent false counting. In 
track mode, hysteresis is removed. 


The SSI 32H6220 has two modes of operation, track 
and seek, which are selected under microprocessor 
control. In the track mode, the control loop drives the 
position error signal to zero. Inthe seek mode, the loop 
attempts to matchthe head velocity to a velocity target 
programmed through the microprocessor interface. 
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Intrack mode, the head position error signal is summed 
with an 8-bit programmable offset signal which may be 
used to null out circuit offsets or to permit reading of off- 
track data. This adjusted position error signal is avail- 
able on pin FP1. A lowpass filter with a corner fre- 
quency above 0.1 * FSYNC provides a small amount of 
smoothing. A position loop filter may be constructed 
from external RC components and amplifier A1. 
Switch S1, controlled by the DUMP bit, is used to keep 
the feedback capacitor in the position loop filter dis- 
charged while the controller is in seek mode. The 
output of A1 is the position error signal (PE) which 
should be connected to the servo motor driver circuitry. 
The adjusted position error (FP1) is also applied to a 
window comparator with programmable limits that pro- 
vide a digital indication of whether the head is on track 
or not. In systems employing the SSI 32H569 or the 
SSI 32H6230, PE should be summed into the ERR- pin 
through an input resistor. 


In seek mode, the position error is differentiated by a 
switched capacitor differencer, to produce a velocity 
estimate. The differencer does not sample the position 
error immediately after the discontinuity that occurs 
when a track boundary is crossed. This prevents the 
discontinuity from disturbing the differentiator output. 
The velocity estimate is applied to a velocity loop filter 
consisting of external RC components and amplifier 
A3. A signal proportional to motor current may also be 
summed in at A3 to provide a better velocity estimate 
during rapid acceleration. A velocity error term is 
computed as the difference between the velocity target 
and the actual head velocity. The velocity target is 
generated by a DAC from the digital word stored in the 
TARGET register. The output of the velocity loop filter 
(pin FV4) is proportional to the actual head velocity and 
is scaled by a 4-bit programmable velocity gain before 
being subtracted from the velocity target. Also, a fill 
signal which is generated by multiplying the position 
error by a 4-bit programmable fill gain is subtracted 
from the velocity error. The fill signal compensates for 
the 8-bit quantization of the velocity target signal, which 
becomes a factor as the head velocity approaches 
zero. As the head nears the destination track atthe end 
of a seek operation, the target velocity is zero, so if a fill 
term which is proportional to position error is sub- 
tracted from the velocity error term, the velocity loop 
will cause the head to come to rest at the center of the 
track. Without this additional fill signal, the velocity loop 
would not necessarily center the head in the destina- 
tion track. The velocity error signal is buffered by A2 
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which drives the VE pin. The separate error outputs, 
PE and VE, allow for independent adjustment of the 
track and seek loop gains by specifying different values 
for RINP and RINV. 


The actual velocity profile of the head is determined by 
the values written to the target velocity DAC. Typically, 
a new velocity target is written at each track crossing. 
An automatic update feature (enabled when UP- 
DATE=1) causes the next velocity target to be loaded 
from a holding register when a track crossing occurs, 
so that the microprocessor does not have to perform 
this time-critical operation. 


The 32H6220 is capable of interactively nulling out 
offsets at FP1, PE, and VE. The basic technique is to 
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use the low offset ERR comparator (enable with the 
ERREN bit and visible on the SGN bit) to monitor the 
offset and then adjust an appropriate DAC value. 
Offset at FP1 is nulled with the NOS DAC, offset at PE 
is nulled with the TARGET DAC, and offset at VE is 
nulled with either NOS or TARGET. 


The SSI 32H6220 has 8 registers, described in "Reg- 
ister Description," which are accessed through a mi- 
croprocessor interface optimized for multiplexed ad- 
dress/data bus processors. A 3-bit register address is 
latched from the bus on the falling edge of ALE (ad- 
dress latch enable) and a bus cycle occurs if CS (chip 
select) and either RD (read strobe) or WR (write strobe) 
are asserted. An open drain interrupt line (INT) may be 
used to cause a microprocessor interrupt when a track 
crossing occurs. 


RP2 RPS 


RINP 


RP1 CPY To ERR- 
of 32HS69 


or 
Fe a 32H6230 


GET 
TRACK CROSSING 500K 
(TRKCS) 


(OR POWER -ON RESET) 


ADDRESS/DATA BUS 


45V & SELECT CORNER LINES FROM 
MICROPROCESSOR 
bes 
\0/ 
SO me L HO 
SYNC VCO 
cvi FROM SERVO 


DEMODULATOR 


VELOCITY LOOP FILTER 


FIGURE 2: SSI 32H6220 Typical Application 
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PIN DESCRIPTION 


POWER 


44-pin | TYPE DESCRIPTION 
| PLCC 


BIAS INPUT - This input sets the internal opamp bias currents. A 20 kQ 
1% resistor should be connected between RBIAS and AGND. 


REFERENCE VOLTAGE -5.4V input which is used as the DC reference 


level for all analog signals. (This level is available as an output from the 
SSI 32H567). 


| | ANALOG GROUND 


DIGITAL GROUND 


DIGITAL 5V SUPPLY - 5 volt supply for the microprocessor interface 
Circuitry. 


DIGITAL 12V SUPPLY - 12 volt supply for the switched capacitor filter 
clocks. 
ANALOG 12V SUPPLY - 12 volt supply for all analog circuitry. 


POSITION REFERENCE INTERFACE 


QUADRATURE INPUT - Analog position signal from servo 
demodulator. 


NORMAL INPUT - Analog position signal from servo demodulator (90 
degrees or 1 track out of phase with Q signal). 


SYNC INPUT - The falling edge of this clock causes the analog 
information on the N, Q inputs to be sampled. There is one SYNC pulse 
per servo frame and the maximum rate is 500 kHz. This signal is 
generated by the SSI 32H567. If it is not necessary to synchronize to 
N and Q samples, and FRFMT is set, SYNC should be grounded. Inthis 
case, FSYNC will be internally generated as FCLOCK/32. 


CLOCK INPUT - This clock must be either 32 or 72 times the rate of the 
SYNC clock (selected by the FRFMT bit in STATUS register). It is 
usually supplied by the VCO output of the servo demodulator 

(e.g., SSI 32H567). 


TRACK CROSSING CLOCK - This output drives external hardware 
track counters and is compatible with the counter function available in 
the Intel 8251 family of microcontrollers. It is normally low and pulses 


rk high one cycle per track. 


TRKCK 


TRKCKA | 


TRACK CROSSING A - This output is derived from TRKCK, it toggles 
on the rising edges of TRKCK. 
TRKCKB 


TRACK CROSSING B - This output is derived from TRKCK, it toggles 
on the falling edges of TRKCK. 7 
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MICROPROCESSOR INTERFACE 
CHIP SELECT - Active low signal enables device to respond to 
microprocessor read or write. 


ADDRESS LATCH ENABLE - Falling edge latches register address 
from pins ADO-AD2. 


READ STROBE - Active low signal causes the contents of the ad- 
dressed register to be placed on the address/data bus (ADO-7) if CS is 
also active. 


WRITE STROBE - Active low signal causes the data on the address/ 
data bus to be written to the addressed register if CS is also active. 


INTERRUPT - This active low open drain output is asserted when a 
track crossing is detected. Itis released when the internal track crossing 
status bit (TRKCS) is read by the microprocessor. 


TRACK/SEEK - This output reflects the state of the T/S bit in the 
STATUS register. It is high when the device is in track mode and low 
when it is in seek mode. 


ADDRESS/DATA BUS - 8-bit bus which carries register address 
information and bi-directional data. 


RESET - This active low input is used to force all the internal registers 
to their reset condition. 


OFFTRACK - This open drain output is asserted whenever the head 
position is outside the window specified by NW. It is always asserted 
in seek mode. 


VELOCITY FILTER OUTPUT - This is the output of amplifier A3 which 
forms part of the velocity loop filter. This signal is internally amplified and 
compared to the target velocity. 


VELOCITY FILTER INPUT - Direct connection to the inverting input of 
amplifier A3. 


ESTIMATED VELOCITY OUTPUT - Output of the position error differ- 
entiating high pass filter. 

VELOCITY ERROR - This signal should be summed in to the servo 
motor driver circuitry. In systems using the SSI 32H569 or the SSI 
32H6230 servo driver, VE is connected to the ERR- pin through a 
resistor. 


UNCOMMITTED SWITCH - This switch can be used to reset a notch 
filter during seek mode. The switch is controlled by the SW bit in the 
status word. 
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CONTROL LOOP (Continued) 


44-pin | TYPE DESCRIPTION 
PLCC : 


POSITION FILTER CAPACITOR - The external position loop filter 
feedback capacitor should be connected between this pin and PE. 
| | Whenthe DUMP bit in register WINDOW is set, an internal switch (S1) 
| pe | tw | 0 | 


11 

shorts PE to FP4. This allows the external capacitor to be kept 
10 
13 


discharged during seek mode. 
POSITION ERROR OUTPUT - Output of position loop filter amplifier A1. 
POSITION FILTER INPUT - Inverting input to opamp A1. 


O POSITION ERROR OUTPUT - Offset-corrected output of the position 
processing circuitry, which is proportional to the radial displacement of 
the head from the center of the current track. 


The actual transfer function from N, Q to FP1 is: 


3. sin(wTP) 
2z—1 wT /2 


where: T=1/FSYNC 


sT 


H(z) = 


z=e 


This transfer function exhibits a high frequency roll off with a 3 dB point at f = 0.11 FSYNC. 
Unused pins on PLCC package: 8, 18 


REGISTER DESCRIPTION 


The SSI 32H6220 has 8 internal registers which contain status, control and loop parameter information. A three 
bit register address is latched from inputs ADO-AD2 on the falling edge of ALE. The corresponding register is 
accessed if CS is then asserted, with the direction of access being determined by RD or WR. The registers are 
summarized in Figure 3. 


ftarcer |_| me [~*~ VRC 

Cnet [2 

| VELCON | Eee 

[wnoow |_| fei [om [ owuseo [oom | 78 | ernev [ww 
pe 


CAL 
SGN sw CSMOD FRFMT ONTRK NQ NO TRKCS 
_STATUS AS NOTED (read Wee enon | meadoney | (eadoney 
READ/ 
OFFSET ware | SOS fo NOS 


RESET (ANY VALUE) 


FIGURE 3: SSI 32H6220 Register Map 
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REGISTER DESCRIPTION (Continued) 


GAIN AddressO Read/Write 


GAIN SETTINGS - Used to set the velocity gain and fill gain. These settings are only significant in the 
seek mode. 


VELOCITY GAIN - 4-bit quantity which sets the gain applied to the velocity 
signal at the output of opamp A3. 


FILL GAIN - 4-bit quantity which sets the gain applied to the position error 
which is added to the velocity signal. 


If NVG and NFG are represented as integers ranging from 0 to 15, then for a zero velocity target, the VE 
output is given by: 


VE-VREF = ANG (FV4 _VREF) + TS (FPi— VREF) 


TARGET Address 1 Read/Write 


CURRENT VELOCITY TARGET - This register selects the 8-bit velocity target which is subtracted from 
the actual velocity to yield velocity error in seek mode. The sign of the velocity target is determined by the 
VELPOL bit in register VELCON. If TARGET is represented as an integer from 0 to 255, then the voltage 
at the output of the velocity target DAC, VT, is given by: 


VT =VREF (1 TARGET), VELPOL=0 
340 

VREF | { TARGET), VELPOL=1 
340 


The SSI 32H6220 has an update feature which allows this register to be loaded automatically with the 
contents of the next target register when a track crossing occurs. The target register may also be written 
directly by the microprocessor to cause an immediate change in target velocity. 


NEXT Address2 Read/Write 


NEXT TARGET VELOCITY - This register contains an 8-bit value that will be loaded automatically into 


the velocity target register when a track crossing occurs, if the UPDATE bit in VELCON is set. This register 
is unused if UPDATE is cleared. 
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REGISTER DESCRIPTION (Continued) 


VELCON aa 3 Read/Write 


DESCRIPTION | 


VELOCITY TARGET POLARITY - If this bit is set, the velocity target will 
be positive (with respect to VREF) and if it is reset, the velocity target will 
be negative. 


ENABLE VELOCITY TARGET DAC - If ENA is set, the velocity target 
DAC will be enabled and if it is cleared the output of the DAC will be 
clamped to VREF. 


UPDATE MODE SELECT - When this bit is set, the contents of the 
NEXT register will be transferred to TARGET automatically when a track 
crossing occurs. If it is cleared, new velocity targets must be written 

directly to the TARGET register by the microprocessor. 


DIFFERENTIATOR CHARACTERISTIC SELECT - These bits select the 
characteristic of the differentiator high pass filter as follows: 


_-G_ W= 1 (1+_ND) rad/s 
1+W 2T 1.75 
Ss G=8.2 


VELPOL 


H(s) = 


Where T is the period of the SYNC clock input in seconds, s is the complex 
frequency variable in radians/second and ND is an integer from 0 to 3. For 
s<<W the high pass filter H(s) acts like a differentiator. For a SYNC rate of 
500 kHz, the corner frequency W will be: 


The actual transfer function from N, Q, to FV1 is: 


7G(z-1) sin( oT/2) ee , 
H(z) = Wai) +(3.5+ 2ND) A] Sap where: T =1/FSYNC 


sT 
z=e 
This transfer function is approximated throughout this data sheet with the 
above s domain approximation which is accurate to 0.5 db for 
f< .05 * FSYNC. 
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REGISTER DESCRIPTION (Continued) 


WINDOW Address 4 Read/Write 


WINDOW CONTROL - This register is used to program the on-track window comparator and also 
contains several control bits. 


BIT | NAME DESCRIPTION 


NW0-NW2 WINDOW SELECT BITS - This 3 bit word selects the window comparator 
threshold voltage. The on track indicator bit will be true as long as: 


| FP1 - VREF| < VREF[(1 + NW)/32] 


where NW is an integer from 0 to 7. 


ERROR ENABLE - When set, this bit enables the offset comparator and 
causes SGN to be its output. When reset, SGN is the lower side of the 
window comparator. 


TRACK/SEEK MODE SELECT - When this bit is set, track mode is selected 
and when it is reset, seek mode is selected. 


POSITION LOOP FILTER DUMP CONTROL - When this bit is set, pins PE 
and FP4 are switched together internally by S1. This causes the external 
position loop filter feedback capacitor to be discharged. 


CALIBRATION MODE - When this bit is reset, the N and Q inputs are 
connected to the position processor and normal operation occurs. When 
CAL is set, the processor inputs are connected to VREF, causing the FP1 
output to reflect the offset voltage errors in the position sensing path. 


STATUS Address5 Read/Write access as noted 


STATUS REGISTER - Contains track status information and several control bits. 


st | ame | DESCRIPTION 


TRACK CROSSING INDICATOR - The function of TRKCS is determined by 
the CSMOD bitin this register. When CSMOD is set, TRKCS willbe set every 
time NQ or NQ change state (i.e., on every track crossing). When CSMOD 
is reset, TRKCS will be set every time NQ changes state (i.e., on alternate 


track crossings). TRKCS is reset when STATUS is read by the microproces- 
sor. The INT interrupt output is the inverse of TRKCS. (TRKCS is read only.) 


TRACK QUADRANT - This bit is set when: 
N-VREF > VREF-Q 


TRACK QUADRANT - This bit is set when: 
N-VREF > Q-VREF 
and reset otherwise. (NQ is read only) 
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REGISTER DESCRIPTION (Continued) 


DESCRIPTION 


ON TRACK INDICATOR - This bit is setwhen the voltage on pin FP 1 is within 
the window selected by the WINDOW register. It is reset otherwise (ONTRK 
is read only). 


FRAME FORMAT - Used to indicate the relationship between CLOCK and 

SYNC. If this bit is set, the VCO clock rate must be 32 times the SYNC clock 

rate. If it is reset, the VCO clock rate must be 72 times the SYNC clock rate. 
FRFMT is read/write 


CROSSING INDICATOR MODE - If this bit is reset, TRKCS will be set on 
alternate track crossings. If it is set, TRKCS will be set on every track 
crossing. (CSMOD is read/write). 


~ . SWITCH - This bit controls the SW switch. This uncommitted switch can be 
used to initialize a notch filter in the servo loop. (SW is read/write). 


VOLTAGE SIGN - This bit indicates whether the head position is above or 
below the lower edge of the track window. If used with the ONTRK bit, it 
allows the microcontroller to divide a track into three regions and make more 
informed decisions about overshoot and undershoot. When ERREN is set, 
SGN is the output of the error comparator. (SGN is read only). 


OFFSET Address6 Read/Write 


OFFSET VOLTAGE REGISTER - The 8-bit value in this register drives the offset DAC which adds a 
correcting voltage to the position error signal. 


_eir | name | DESCRIPTION 
7 


| oe. | NOSO-NOS6 | OFFSET MAGNITUDE | _ 
| 7 | sos __| OFFSETSIGN 


The offset correction voltage, VOS, is given by: 


VOS = - 0.89 (NOS) V , SOS=0 
127 


0.89 (NOS) V , SOS=1 


RESET Address 7 Write only 
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ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 
(Maximum limits indicate where permanent device damage occurs. Continous operation at these limits 
is not intended and should be limited to those conditions specified in the DC operating characteristics.) 


pve _| wax | units 
[storage tem. as P| 08 
[| 280” 


RECOMMENDED OPERATION CONDITIONS (Unless otherwise noted, the following conditions are valid 
throughout this document.) 


VPA, VPD 


V 
hee aed 
°C 


oO 


ii (o/s eI (Rea CRED 
VREF a 


aces 


Operating temp. 
RBIAS, bias resistor to AGND 


Resistive loading About VREF 
(FP1, FV1, PE, FV4, VE) 

Capacitive loading 

(FP1, FV1, PE, FV4, VE) 
DC CHARACTERISTICS 


Total VPAandVPDourent] 


e) 


kQ 


8 
© 
s 

“T1 


: 
> 


IVP 
IDD VDD current 
IREF VREF current 


3si\3 
>| > 


DIGITAL I/O 


Digital Inputs 


INL] < 100pA 


| VOR ——sisdLCJ cA 
PvoS—*dotsetoma if |i 


Open Drain Digital Outputs (INT, OFFTRK) 
HOL| < 1.6mA oa v 


_ 
OO 
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MICROPROCESSOR INTERFACE TIMING (see figure 4(a) and figure 4(b)). (Timing measurements for 
digital signals are measured at 1.3V, unless otherwise noted.) 


PARAMETER | 


TRHDX data hold time after R 
TRLRH RD pulse width 
TLLWL ALEto RDorWR 
TRLCL RDorWRtoCS low 


ANALOG I/O 
PARAMETER 


N, Q Inputs 
Input resistance 


VCO input frequency | 


SYNC hold time 


TSYS _SYNCsetuptime | 


Ne VCO/SYNC FRFMT=1 
frequency ratio FRFMT=0 


TADS Nor Q analog setup time Po 


TADH Nor Q analog hold time 
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LHLL- TLLWL 


cas ron 


{ ADDRESS )P 4 DATA > 
met = 
mi a. i 


FIGURE 4(a): Read Cycle Timing 


TAVLL TLLAX 


¢ ADDRESS ) 


FIGURE 4(b): Write Cycle Timing 


ANALOG DATA VALID ie) 


FIGURE 5: Analog Timing 
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ANALOG I/O (Continued) 


PARAMETER CONDITIONS | MIN 
FP2, FV2 Inputs | 
About VREF Q 
| Input capacitance as 
Offset voltage eee 


Analog Outputs 


| 100 | 
= 
oe 
| Outputimpedance | Mo-vrericav =| | 
ez ae 
elec 
a 


7 


a 


Output swing (FP1, FV1) 
| 
| Gain(FPtiromNora) | 9.8 | 985 | 9:75 | 
| Gain (ampiiier At, a3) | Openloopdcgain | 60 | | 
| Gain(ampiiierag) | 


Unity gain bandwidth Open loop MHz 
(Amplifier A1, A3) | 

Unity gain bandwidth Open loop 

(Amplifier A2) 


WINDOW COMPARATOR 


PARAMETER CONDITIONS | MIN TYP | max | UNITS 


PARAMETER CONDITIONS Sin | typ 
NFG=15 


Gain step size 


ANALOG SWITCHES 


| PARAMETER | _CONDITIONS | MIN 
Ts SS*dC sve 
sw SSCS*dSC Ses ner 
i 
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VELOCITY GAIN 


PARAMETER ~ CONDITIONS Sin | tye | MAX. UNITS 


CONDITIONS 
Full scale - VREF VELPOL=1 
VELPOL=0 - -78 | %VREF 
| Stpsze | tk %VREF 


(VELPOL=1)- (VELPOL=0) 


ro) 
“Ni 


OFFSET CORRECTION DAC 


PARAMETER 


Full scale - VREF 


CONDITIONS 
NOS=127, SOS=1 
NOS=127, SOS=0 


0.08 | 0.13 0.18 %VREF 
DIFFERENTIATOR 


PARAMETER | CONDITIONS min | typ | max UNITS 
High pass gain (N,Q TO FV1) FIN/FSYNC = 0.02, 


| ND=0 | 5.45 | 585 | 625 | db 
Nat [7 fot [25 | 
np=2 | -9 | -5 | -1 | ab | 
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APPLICATIONS INFORMATION 


In the examples shown in Figures 7a & 7b, the SSI 
32H6220 is used with its companion devices, the SSI 
32H567 and SSI 32H569 or SSI 32H6230, as well as 
a microprocessor and some external components, to 
implement a complete head positioning system. 


Position Reference 


The position feedback signal for the servo loop is 
generated by a servo demodulator from information 
prerecorded on the disk drive’s servo surface. The 
SSI 32H567 provides quadrature position signals (N 
and Q), recovered clocks (SYNC and VCO) and an 
analog reference level (VREF) for the rest of the 
system. The SSI 32H567 translates the radial dis- 
placement of the servo read head to a voltage with a 
gain of 2 voltsArack. The SSI 32H6220 has a front end 


INPUT FROM 


SERVO DEMODULATOR (V) 


VREF +2 


VREF +2 


gain of 3, so the gain from actual position error to the 
voltage at pin FP1 (the input to the position loop filter) 
is 6 volts/track. 


In order to produce the position error signal illustrated 
in figure 6, the position processor in the SSI 32H6220 
selects either N, Q or an inverted signal, based on the 
value of the digital signals NQ and NQ. The resulting 
error signal is zero (equal to VREF) when the head is 
perfectly centered on a track. The error signal has a 
maximum absolute value in the vicinity of a track 
boundary (i.e., when the head is displaced one half 
track from a track center) and has a polarity that 
indicates the direction of the position error. 


RADIAL 
DISPLACEMENT 


I I | I 
TRACK N | TRACK N+1 ; TRACK N+2; TRACK N+3 | 


VREF +3 
POSITION 
ERROR 
SIGNAL 
AT FPI(V) 


VREF 


RADIAL 
DISPLACEMENT 


N>Q (NQ) ! | | | 


| 
N>-Q (NG) | | ; 


FALLING EDGE 
’ CAUSED BY 


| 
TRKCS | REGISTER ACCESS 
(CSMOD=0) | | | | | | | | 


| i 
TRKCK 


| ) _ PULSE WIDTH IS 
1/FSYNC 


FIGURE 6: Position Signal Waveforms 
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FIGURE 7: Complete Example of Servo Path Electronics Using SSI 32H567/6220/6230 Chip Set 
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Servo Motor and Driver 


For the purposes of illustration, the following simple 
model for the servo motor in Figure 7 is assumed. 


- 22, do 
™ K_ dt 


m 


i e=K,°@ 


Definition of terms: 
im Armature current (A) 
) Motor speed (rad/s) 
J@ Rotor moment of inertia (kg » m*) 
Km Torque constant (NnVA) 
e Motor back EMF (V) 
Lm Winding inductance (H) 
Rm_ Winding resistance (Ohm) 
Ke Motor voltage constant (V/rad/s) 
Numerically, Ke and Km are equal. 


Under the assumption that the electrical and mechani- 
cal poles of the motor above are widely separated (Rm/ 
Lm >> J0 » Rm/Km?), the servo driver loop compen- 
sation components, RL2 and C.3, may be chosen to 
cancel the effect of Lm, as follows: 


=—___§8Rs et 

2nRr (Rm+Rs) BW Ci3(Rm+Rs) 
where BW is the desired servo driver open loop band- 
width (Hz). This results in the following relationship 
between motor current (im) and error voltage at the 
servo controller output (EOUT). 


-Re 


4Rin Rs + 
2nxnBW 


Where Rin is either Rinp or Rinv depending whether 
you're in seek or track modes. 


This simple first order approximation of the servo motor 


behaviour neglects effects such as resonance due to | 


the motor inductance, Lm, or the pole due to servo 
driver transconductance. However, it is sufficient to 
illustrate the design goals for the velocity and position 
loop filters that are required with the SSI 32H6220. A 
more detailed description of the SSI 32H569 may be 


found in the SSI 32H569 data sheet. 
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TRACK MODE 


Loop Compensation 


Track mode is engaged when the head has reached its 
destination and the current position must be main- 
tained. The control objective is to drive the position 
error Signal at FP1 to zero and minimize excursions of 
the head due to noise and other perturbations of the 
system. The transfer function of the complete servo 
loop in track mode is shown in figure 8(a), using the 
servo motor model derived above. The gain G1 is the 
combined effect of the SSI 32H567 and the front end 
gain of the SS! 32H6220, and has a nominal value of 
6 volts/rack. The gain G2 is a property of the head 
transport system, and has units of tracks/radian for 
rotary servo motors and tracks/meter for linear motors. 
(The nomenclature chosen for the motor model is that 
of rotary motors but the results are applicable to linear 
motors as.well, if appropriate units are substituted). To 
ensure that the control loop has negative feedback, 
positive motor current (as indicated in Figure 7) must 
result in negative motor acceleration. This inversion is 
accomplished in the prerecorded servo pattern and is 
accounted for in the transfer function by showing G2 to 
be negative. 


Since the servo driver/motor combination has a double 
pole at the origin and an additional real pole at fre- 
quency BW (which is selectable with external compo- 
nents in the SSI 32H569), the position loop filter is 
essential to ensure a stable system. The effect of the 
position filter used in this example is to provide lag-lead 
compensation. Systems of this type are usually de-— 
signed by trial and error, but a further simplification of 
the transfer function may be made to obtain an initial 
solution. If the pole at BW is ignored, RP4 is removed 
and RP2 made large (RP2 is necessary to provide a DC 
path for leakage current at pin FP2) then the system 
illustrated in figure 8(b) is obtained. The compensation 
has been reduced to lead compensation only. If the 
following quantities are defined: 


GG.C R K 2 
Ferre ae es || Xn )(s ) 
C 4R R, J8 


p2 
PM = Desired closed loop phase margin (degrees) 


FB = Desired open loop unity gain bandwidth (rad/s) 


then appropriate values for the time constants of the 
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lead compensation circuit (T1, T2) may be chosen 
using the following relationships, assuming 1/T2 << FB 
<< 1/71: 


FB = Gtot « T2 (rad/s) 


PM = 90 - arctan (FB « T1) (degrees) 


The values for T1 and T2 thus chosen form a starting 
point for the selection of appropriate values for the 
more complex lag-lead compensator required by the 
real system. 


Position Loop Filter Initialization 


Switch $1, which is controlled by the DUMP bit in the 
WINDOW register, may be used to short out the 
external feedback capacitor CP2, discharging it. $1 is 
usually closed during a seek operation, so that when 


DESIRED 
TRACK (= 0) 


SSI 32H567/568 
INPUT 


Rpa 


HEAD 
POSITION 
(TRACKS) 


POSITION LOOP FILTER 
Rpg , i+aty Ss. 1+T5S 
1 +Ty S 1+ bT5 S 
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the system is switched to track mode, no sudden 
transients occur due to charge stored on CPp2. Distur- 
bances to the position signal when the system is 
switching to track mode can greatly extend the disk 
drive’s access time, since the system response is 
much slower in this mode. 


On Track Window 


The on track window comparator may be used to 
monitor the positioning accuracy of the head. The 
position error voltage at pin FP1 is compared to a signal 
selected by the bits NW0-2 in the WINDOW register. 
The ONTRK bit in register STATUS is set if the position 
error is within the specified limits and cleared if it is 
outside the limits (in either the positive or the negative 
direction). The programmable excursion limits (ex- 
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FIGURE 8(b): Simplified Track Mode Transfer Function 
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pressed as a percentage of a track) range from 2.8% to 
22.5% in 8 equal steps. By monitoring the ONTRK bit, 
the microprocessor can determine when the head has 
settled sufficiently for read and write operations to 
commence. The ONTRK bit may also be used to 
decide when it is appropriate to switch from seek to 
track mode at the end of a period of deceleration. 


SEEK MODE 


Velocity Profile 


The velocity profile that results in the shortest seek 
time, subject to motor current and head velocity limita- 
tions, is as follows: 

1) Maximum acceleration (maximum motor current) 
until the half-way point or maximum velocity is 
reached. 

2) Constant velocity motion until it is time to com- 
mence deceleration (if maximum velocity was 
reacheq). 

3) Maximum deceleration until head comes to rest 
over the destination track. The decceleration pe- 
riod is of approximately the same duration as the 
acceleration period. 


The microprocessor computes a velocity profile ac- 
cording to the rules above, based on the current head 
location and destination track. During the final ap- 
proach to the destination track, updates to the velocity 
DAC become more infrequent since the track crossing 
rate is approaching zero. The fill signal which is derived 
fromthe position error can be used to provide a smooth 
target velocity profile between track crossing updates. 
Figure 9 shows a set of typical waveforms as the head 
approaches the destination track. The fill gain is ad- 
justed at each track crossing so that the fill signal 
interpolates smoothly between target DAC settings. In 
the destination track, where the target DAC output is 
zero, the fill signal is especially important, since it 
becomes zero only when the head is centered on the 
track. The velocity control loop thus causes the head to 
come to rest at the center of the destination track. 
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Loop Compensation 


The transfer function for the controller electronics of 
figure 7 is shown in figure 10(a). This transfer function 
may be simplified as shown in figure 10(b), under the 
following conditions: 


2, (29:52) (Kn Ry) 
JOR, 


JO@ Ry F 

R, C= —————— 
veeM (GGG, ) (Kn Ry) 

The value of w, the corner frequency of the internal 
position differentiator, is dependent on the sync rate, 
but the above condition is generally satisfied by most 
systems. The condition on RV4 and CV1 sets the 
position of the zero due to the external components in 
the velocity loop filter, whose function is described 
below. The resulting system has two real poles, one 
of which is at the origin, and is thus unconditionally 
stable. 


The position of the SSI 32H6220 internal differentiator 
pole is selectable under microprocessor control. It is 
desireable to select as low a frequency as is consistent 
with the required seek performance. This pole pre- 
vents the differentiator from amplifiying high frequency 
noise. In order to provide feedback of a velocity signal 
for frequencies above the differentiator pole, the exter- 
nal velocity loop filter is configured to act as an integra- 
tor which integrates the motor current sense output of 
the SSI 32H569, or the SS! 32H6230, SOUT. Since 
SOUT is proportional to motor acceleration, this inte- 
gration produces a signal proportional to velocity. 
Thus, at low frequencies the velocity feedback is gen- 
erated by differentiating the position error signal and at 
high frequencies, the velocity term results from inte- 
grating motor current. It is more accurate to estimate 
velocity from a direct observation of head position, but 
at higher frequencies it is necessary to provide in- 
creased noise immunity. The system described above 
balances these two considerations. 
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OFFSET CANCELLATION 


The 32H6220 is capable of cancelling position offset, 
velocity offset, and motor current offset. The following 
procedures may be used to null out these effects. 


A. Position offset 


This procedure removes any offset introduced by the 
position processing circuitry in the SSI 32H6220. 


1. Set T/S. (Enter track mode.) 


2. Set CAL and DUMP. (This switches the N and 
Q inputs to VREF and shorts out CP2). 

3. Set ERREN. (This activates the ERR com- 
parator and connects its output to SGN.) 

4. Adjust NOS and SOS until a 1LSB change 
causes SGN to change state. The final values 
should be stored and used whenever track 
mode is used. 

5. Clear CAL, DUMP, ERREN to resume normal 
track mode operation. 


B. Velocity offset 


This procedure removes any offset generated in the 
velocity path of the SS! 32H6220. 


Clear T/S. (Enter seek mode). 
Set CAL, ERREN, and ENA. 


Adjust TARGET and VELPOL until 1LSB 
change causes SGN to change state. This 
value of TARGET should be stored for use in 
future seeks as the velocity offset. 


4. Clear CAL and ERREN to resume normal 
seek mode. 


Finer offset adjustment can be made by using the 
OFFSET register, however the calculation must be 
done for each value of NFG that is planned to be used. 
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C. Motor Current Offset 


Motor current offset (caused, for instance, by cable 
bias and windage on the head as well as voltage offset 
in the motor driver) results in an ontrack voltage at PE 
that is not zero. In some drives, the time from when 
DUMP is turned off to when the final value of PE is 
achieved adds appreciably to the loop settling time. 
The PE voltage can be minimized (and therefore, the 
settling time) as follows. 


1. Enter track mode and wait for the head posi- 
tion to settle. Make sure CAL is reset. 

2. Set ERREN. 

3. Adjust TARGET until PE is zero (evidenced by 
SGN toggling equally between 1 and 0. Pro- 
gram target with this value whenever a seek to 
this area of the disk is performed. 


Since this technique compensates for cable bias, care 
must be taken to interpret the results. Cable bias will 
be position dependent and can also depend on the 
previous head positions. 
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FIGURE 9: Typical Waveforms During Final Deceleration Mode 
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SSI 32H569 AND MOTOR 
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FIGURE 10(a): Transfer Function of SS! 32H6220 in Seek Mode 
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FIGURE 10(b): Simplified Transfer Function of SSI 32H6220 in Seek Mode 
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FIGURE 11: Bode Plot of Simplified Track Mode 


Transfer Function 
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FIGURE 12: Bode Plot of Simplified Seek Mode 
Transfer Function 
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PACKAGE PIN DESIGNATIONS 
(TOP VIEW) — —— 


SSI 32H6220 34] ADS 


23. 24 25 26 


44-Pin PLCC 


ORDERING INFORMATION 


PART DESCRIPTION ORDER NO. | PKG. MARK 


SSI 32H6220, Servo Controller 
44-Pin PLCC 32H6220-CH 32H6220-CH 


Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations and 
are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 


Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 
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DESCRIPTION 


The SSI 32H6230 Servo Motor Driver is a bipolar 
device intended for use in Winchester disk drive head 
positioning systems employing linear or rotary voice 
coil motors. When used in conjunction with a position 
controller, such as the SSI 32H568 orthe SSI 32H6220 
Servo Controllers, and a position reference, such as 
the SSI 32H567 Servo Demodulator, the device allows 
the construction of a high performance, dedicated 
surface head positioning system. 


The SSI 32H6230 serves as a transconductance am- 
plifier by driving 4 MOSFETs in an H-bridge configura- 
tion, performs motor current sensing and limits motor 
current. In its linear tracking mode, class B operation is 
guaranteed by crossover protection circuitry, which 
ensures that only one MOSFET in each leg of the H- 
bridge is active. The MOSFET drivers are disabled 
when motor velocity or current exceed externally pro- 
grammable limits. In addition, automatic head retrac- 
tion and spindle braking may be initiated by a low 
voltage condition or upon external command. 
(Continued) 
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Preliminary Data 


December 1991 
FEATURES 


e Predriver for linear and rotary voice coil 
motors 

e Interfaces directly to MOSFET H-Bridge motor 
driver 


e Class B linear mode and constant velocity 
retract mode 


e FET disable function 


¢ Precision differential amplifier for motor 
current sensing 


¢ Clamp for motor current limiting 


e Automatic head retract and spindle braking 
signal on power failure 


e External digital enable 


e Servo loop parameters programmed with 
external components 


e Advanced bipolar IC requires under 240 mW 
from 12V supply 


¢ Available In 20-pin DIP or SO packaging 
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DESCRIPTION (Continued) 


The SSI 32H6230 is implemented in an advanced 
bipolar process and dissipates less than 240 mW from 
a 12V supply. The IC is available in 20-pin DIP and 
20-pin SO packaging. 


FUNCTIONAL DESCRIPTION 
(Refer to block diagram and typical application Fig.2) 


The SSI 32H6230 has two modes of operation, linear 
and retract. The retract mode is activated by a power 
supply failure or when the control signal EN is false. 
Otherwise the device operates in linear mode. 


During linear operation, an acceleration signal from the 
servo controller is applied through amplifier A1, whose 
three connections are all available externally. RC 
components may be used to provide loop compensa- 
tion at this stage. The ERR signal drives two precision 
amplifiers, each with a gain of 8.5. The first of these 
amplifiers is inverting, and is formed from opamp A4, 
an on-chip resistor divider and an off-chip complemen- 
tary MOSFET pair. The second is non-inverting, and is 
formed in a similar manner from opamp A5. Feedback 
from the MOSFET drains, on sense inputs SE1 and 
SE3, allows the amplifiers gains to be established 
precisely. The voice coil motor and a series current 
sense resistor are connected between SE1 and SE3. 


Crossover protection circuitry between the outputs of 
A4 and Ad, and the external MOSFETs, ensures class 
B operation by allowing only one MOSFET in each leg 
of the H-bridge to be in conduction. The crossover 
separation threshold, illustrated in Figure 5, is the 
maximum drive on any MOSFET gate when the motor 
voltage changes sign. The crossover circuitry can also 
disable all MOSFETS simultaneously (to limit motor 
current or velocity) or apply a constant voltage across 
the motor (to retract the heads at a constant velocity). 


Motor current is sensed by a small resistor placed in 
series with the motor. The voltage drop across this 
resistor is amplified by a differential amplifier with a 
gain of 4 (A2 and associated resistors), whose inputs 
are SE1 and SE2. The resulting voltage, SOUT, is 
proportional to motor current, and hence acceleration. 
This signal is externally fed back to A1, so that the 
signal ERR represents the difference between the 
desired acceleration (from the servo controller) andthe 
actual motor acceleration. 
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An adjustable voltage clamp is provided to prevent 
over current to the motor. It accomplishes the current 
limiting by clamping the voltage excursion at the input 
of A1. The voltage clamp values are programmed by 
VREF and VLIM. VLIM is the lowerclamp value andthe 
upper Clamp limit is 2 * VREF - VLIM. 


Disable function will cause ali 4 bridge FETs to turn off. 
Note that this function does not override the retract 
function. 


The SSI 32H6230 has low voltage monitor circuitry that 
will detect a loss of voltage on the VREF, VCC or 
LOWV pins. The power supply pin, VCC, should be 
connected to the disk drive’s spindle motor so that its 
stored rotational energy may be used to hold up VCC 
briefly during a power failure. LOWV is used to detect 
a system power supply failure. When a low voltage 
condition is detected, the MOSFET drivers switch from 
linear operation to retract mode. In this mode a con- 
stant voltage is applied across the motor which will 
cause the heads to move at a constant speed. A 
mechanical stop must be provided for the heads when 
they reach a safe location. The current limiting circuitry 
will disable the MOSFET drivers when motor current 
increases due to loss of the velocity-induced back 


~EMF. An open collector output, BRK, which is active - 


while the device is in retract mode, is provided for 
spindle motor braking. An external RC delay may be 
used to defer braking until the heads are retracted. 


Two examples of an entire servo path implemented 
with the SSI 32H6230 and its companion devices, the 
SSI 32H567, 32H568, and the SSI 32H567, 32H6220 
are shown in Figures 7 and 8. 


1291 - rev. 


‘AO1- LEC 


€21-9 


DISABLE 


Ring 


TO SPINDLE MOTOR 
BRAKING TRANSISTOR 


Reak 


+5V 
vcc 


(TO MOTOR DRIVER) 


TO SPINDLE MOTOR 


CONTROL SIGNAL FROM 
E MICROPROCESSOR OUTPUT PORT 


FIGURE 2: Typical Application 


JOALIG JO0}OW OAIBS 


O€29HZE ISS 


SSI 32H6230 
Servo Motor Driver 


PIN DESCRIPTION 


TYPE DESCRIPTION 


POSITIVE SUPPLY - 12V power supply. Usually taken from spindle motor 
supply. Spindle motor stored energy permits head retraction during power 
failure. If VCC falls below 9V, a forced head retraction occurs. 


LOW VOLTAGE - System 12V supply. If this input falis below 9V, a forced 
head retraction occurs. 

REFERENCE VOLTAGE - 5.4V input. All analog signals are referenced 
to this voltage. If VREF falls below 4.3V, a forced head retraction occurs. 


GROUND 
DESCRIPTION 


POSITION ERROR- Loop compensation amplifier output. This signal is 
amplified by the MOSFET drivers and applied to the motor by an external 
MOSFET H-bridge, as follows: SE3-SE1 = 17(ERR-VREF) 


POSITION ERROR INVERTING INPUT - inverting input to the loop 
compensation amplifier. 


POSITION ERROR NON-INVERTING INPUT - Non-inverting input to the 


¢ pe 


loop compensation amplifier. 


MOTOR CURRENT SENSE OUTPUT - This output provides a voltage 
proportional to the voltage drop across the external current sense resistor, 
as follows: SOUT-VREF=4(SE2-SE1) 


DISABLE INPUT — Active High TTL input will cause all 4 bridge FETs to 
turn off. DISABLE does not override the retract function. 


CLAMP — A clamp pin to limit the input error voltage. The voltage swing 
at this pin is limited to VREF +- (VREF - VLIM). 


BRAKE OUTPUT - Active high, open collector output which may be used 
to enable an external spindle motor braking transistor upon power failure 
or deassertion of EN. 


VOLTAGE LIMIT — The voltage at this pin sets the upper and lower clamp 
voltage limits in conjunction with the voltage at VREF. 

Upper Clamp Limit = 2 * VREF - VLIM 

Lower Clamp Limit = VLIM. 

MOTOR CURRENT SENSE INPUT - Non-inverting input to the current 
sense differential amplifier. It should be connected to one side of an 


external current sensing resistor in series with the motor. The inverting 
input of the differential amplifier is connected internally to SE1. 


ENABLE - Active high TTL compatible input enables linear tracking mode. 
A low level will initiate a forced head retract. 


POWER 


VREF 


EL 


CONTROL 


3 
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FET DRIVE 


MOTOR VOLTAGE SENSE INPUT - This input provides feedback to the 
non-inverting MOSFET driver amplifier. It is connected to one side of the 
motor. The gain to this point is: 


SE3-VREF = 8.5(ERR-VREF) 


P-FET DRIVE (NON-INVERTING) - Drive signal fora P channel MOSFET 
connected between one side of the motor and VCC. This MOSFET drain 
is connected to SE3. 


N-FET DRIVE (NON-INVERTING) - Drive signalforanN channel MOSFET 
connected between one side of the motor and GND. This MOSFET drain 
is connected to SE3. Crossover protection circuitry ensures that the P and 
N channel devices driven by OUTC and OUTD are never enabled 
simultaneously. 


MOTOR VOLTAGE SENSE INPUT - This input provides feedback to the 
inverting MOSFET driver amplifier. It is connected to the current sensing 
resistor which is in series with the motor. The gain to this point is: 


SE1-VREF = -8.5(ERR-VREF) 


This input is internally connected to the current sense differential amplifier 
inverting input. 

N-FET DRIVE (INVERTING) - Drive signal for an N channel MOSFET 
connected between the current sense resistor and GND. This MOSFET 
drain is also connected to SE1. 


P-FET DRIVE (INVERTING) - Drive signal for a P channel MOSFET 
connected between the current sense resistor and VCC. This MOSFET 
drain is also connected to SE1. Crossover protection circuitry ensures that 
the P and N channel devices driven by OUTC and OUTD are never 
enabled simultaneously. 
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ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 


(Maximum limits indicates where permanent device damage occurs. Continuous operation at these limits 
is not intended and should be limited to those conditions specified in the DC operating characteristics.) 


PARAMETER CONDITIONS 


SE1, SE2, SE3, OUT D a es 


-45 


Solder temperature 10 sec duration 


RECOMMENDED OPERATION CONDITIONS (Unless otherwise noted, the following conditions are valid 
throughout this document.) 


veo 12 | 132 | 
eo es + 8 


VREF 
Operating temperature 


DC CHARACTERISTICS 
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A2, CURRENT SENSE AMPLIFIER 


VOLTAGE CLAMP 


PARAMETER CONDITIONS 
CLAMP bias current CLAMP = VREF 


Upper CLAMP limit ICLAMP = 10 pA 
(VREF + 1/3 VREF) VLIM open 
Lower CLAMP limit ICLAMP = -10 pA 


(VREF - 1/3 VREF) VLIM open 


CLAMP accuracy | ICLAMP | = 10 pA 


CLAMP Impedance 1.0 mMA> | ICLAMP | >10 pA 


VLIM Accuracy 


POWER SUPPLY MONITOR 


PARAMETER 


[ILowv| < 0.5 mA 
Hysteresis (LOWV, VCC) | 
| EN input low voltage [IIL] < 0.5 mA 
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POWER SUPPLY MONITOR (Continued) 


PARAMETER CONDITIONS 


EN input high voltage [IIH] < 40 UA al 
BRK voltage normal mode, |IOL| < 1 mA aa 


BRK delay (from power fail or 
EN false to BRK floating) 


OUTB, OUTD 

voltage swing |lo|<1 mA 

VTH, 

Crossover separation threshold 

Slew rate 

(OUTA, OUTB, OUTC, OUTD) Cl<1000 pF 


Crossover time 300 mV step at ERR 
Output impedance (OUTA,B,C,D) Ree ee 


Transconductance 

l(OQUTA,B,C,D)/(ERR-VREF) 

Gain (-(SE1-VREF)(ERR-VREF) 

or (SE3-VREF)/(ERR-VREF) ) 

Offset current Rs = 0.2Q, RF = Rin, 
Vin=VREF 


Retract motor voltage 
(SE1-SE3) 
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APPLICATIONS INFORMATION 


Atypical SSI 32H6230 application is shown in Figure 2. 
The selection criteria for the external components 
shown are discussed below. Figure 3 shows the 
equivalent circuit and equations for the DC motor used 
in the following derivations. While the nomenclature 
chosen is for a rotating motor, the results are equally 
applicable to linear motors. 


MOTOR CURRENT SENSE AND LIMITING 


The series resistor which senses motor current, Rs, is 
chosen to be small compared to the resistance of the 
motor, Rm. A value of Rs = 0.20 is typical in disk drive 
applications. 


VLIM, RIN1, and RIN2 must be chosen to keep the 
motor current below Imax. The voltage clamp values 
programmed by VREF and VLIM must be chosen to 
cause limiting when the motor current reaches its 
maximum permissible current in amps, this value may 
be chosen as follows: 


limax | = CLAMP ,_RF 
RIN2 4+¢Rs 

Where the upper clamp limit is 2» VREF - VLIM andthe 
lower clamp limit is VLIM. If VLIM is left open, a value 
of 0.667 * VREF will appear. The upper clamp limit is 
then 1.33 * VREF and the lower clamp limit is 0.667 
VREF. The values of RIN1, RIN2 must be chosen to 
Satisfy the maximum swing of Vin before limiting oc- 
curs, 


_ RIN1 )_ RIN1 
Vin( max ) =CLAMP (1 tone) nine ( VREF) + VREF 


and they should also satisfy the maximum current 
VCLAMP can source or sink 


Vin (max ) [ Actual ]- CLAMP 
RIN1 


<1mA 


LOOP COMPENSATION 


The transfer function of the SS! 32H6230 in the appli- 
Cation of Figure 2 is shown in Figure 4(a). Ifthe zero due 
to Rt and Cz in the loop compensation circuit is chosen 
to cancelthe pole due to the motor inductance, Lm, then 
the transfer function can be simplified as shown in 


ZM =(R,+Rm)(1+8 Lm (14 
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Figure 4(b), underthe assumption that this pole andthe 
pole due to the motor mechanical response are widely 
separated. CL may then be chosen to set the desired 
open loop unity gain bandwidth. 


: 68 + Rs where BW is the 
2en°eRee(R_w+R,)*BW unity gain open 


loop bandwidth 
Lin 


R,= ———_—__—— 
Cie (Rm+Rs) 
The closed loopresponse of the servo driver and motor 


combination, using the component values and simpli- 
fying assumptions given above, is given by: 


Where: Rin = RIN1 + RIN2 


(This analysis neglects the pole due to the output 
impedance of the MOSFET drivers and the MOSFET 
gate capacitance, an effect that may be significant in 
some systems.) 


RF is chosen to be sufficiently large to avoid overload- 
ing A2 (RF > 4 kQ). The input resistor, Rin, sets the 
conversion factor from servo controller output voltage 
to servo motor current. Rin is chosen such that the 
servo controller internal voltages are scaled conven- 
iently. The resistor Ros is optional and cancels out the 
effect of the input bias current of A1. 


Roo = Rn// Re 


The external components Ro and Co have no effect on 
the motor dynamics, but may be used to improve the 
stability of the MOSFET drivers. The load represented 
by the motor, ZM, is given by: 


2 
ee 7) 
s¢J6*(R.+Rm) 


R,tRm 


At frequencies above (Rs+Rm)/(2x * Lm) Hz, this load 
becomes entirely inductive, which is undesireable. Ro 
and Co may be used to add some parallel resistive 
loading at these frequencies. 
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H-BRIDGE MOSFETS 


The MOSFETs chosen for the H-bridge should have 
gate capacitances in the range of 500-1000 pF. The 
MOSFET input capacitance forms part of the compen- 
sation forthe MOSFET drivers, so values below 500 pF 
may cause some driver instability. Excessive input 
Capacitance will degrade the slew mode performance 
of the drivers. 


When the motor voltage is changing polarity, the cross- 
over protection Circuits at outputs OUTA-OUTD ensure 
that the maximum MOSFET gate drive is less than 2V 
(the crossover separation threshold), as illustrated in 
Figure 5. The thresholds of the MOSFET devices 
chosen should be as large as possible to minimize 
conduction in this region. If the device thresholds are 
significantly less than the crossover separation 
threshold, the N and P channel devices in each leg of 
the H-bridge will conduct simultaneously, causing un- 
necessary power dissipation. 


POWER FAILURE OPERATION 


The power supply for the SSI 32H6230, VCC, should 
be taken fromthe system 12V supply through a schottky 
diode (maximum 0.5V drop at If = 3A) and connected 
to the disk drive spindle motor. If the system power 
fails, the IC will continue to operate as the spindle motor 
becomes a generator. The SSI 32H6230 will detect the 
power failure and cause a forced head retract, continu- 
ing to operate with VCC as low as 3.5V. The power fail 
mode willcommence if either VCC or LOWV falls below 
9V, or VREF falls below 4.3V, or EN is false. Hysteresis 
onthe low voltage thresholds prevents the device from 
oscillating between operating modes when the power 
supply is marginal. 


The BRK output, which is pulled low during normal 
operation, floats during a power failure. This allows an 
external transistor to be enabled for spindle motor 
braking. An external RC delay may be added to defer 
braking until head retraction is complete, since the 
spindle motor is required to generate the supply volt- 
age during retraction. 


Armature current (A) 


Motor speed (rad/s) 


Moment of inertia of 
rotor (Kg. M2 ) 


Torque constant (Nm/A) 


Motor voltage constant (V/rad/s) 


Back E.M.F. (V) 


Winding inductance (H) 


Winding resistance (Q_ ) 


Nomenclature used is for rotary motor 


FIGURE 3: Equivalent Circuit for Fixed Field DC Motor 
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LOOP COMPENSATION WINDING IMPEDANCE 


1 1 
17(1+4—— 
( *Sc.n, ’ 


Lm 


Rm+Rs 


(Rm +Re)(1+S 


) 


MECHANICAL RESPONSE 


CURRENT SENSE 


4R, RL 
Re 


FIGURE 4(A): Transfer Function of SSI 32H6230 in 
Typical Application with Fixed Field DC Motor 


MECHANICAL RESPONSE LOOP COMPENSATION 
1 17 
Km? SC, (Rs + Rm) 
SJO (R, + Rm) 


1+ 
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FIGURE 4(B): Simplified Transfer Function of 
SSI 32H6230 In DC Motor Application 
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MOSFET GATE DRIVE 


SLOPE = A4 
OPEN LOOP GAIN 


(CROSSOVER 
SEPARATION 


ERR 
THRESHOLD) {ERROR SIGNAL INPUT) 


(HORIZONTAL SCALE IS GREATLY EXPANDED) 


FIGURE 5: Simplified Transfer Function of SSI 32H6230 
in DC Motor Application 


ASSUMPTIONS: 


R, = 0.20 


oa CL (HF) 


Lin = 600 pH 


BANDWIDTH 
(Hz) 


FIGURE 6: Typical Motor Driver Compensation 
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FIGURE 8: Complete Example of Servo Path Electronics Using the SSI 32H567/6220/6230 Chip Set 
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PACKAGE PIN DESIGNATIONS 
(Top View) for a static sensitive component. 


ERR VCC 
ERR - LOWV 
ERR + EN 
VREF OUTA 
SOUT OUTB 
CLAMP SE1 
DISABLE SE2 
BRK OUTD 
SE3 OUTC 
GND VLIM 


20-Pin SO, DIP 


ORDERING INFORMATION 


PART DESCRIPTION ORDER NO. | PKG.MARK 


SSI 32H6230, Servo Motor Driver 
20-Pin DIP 32H6230-CP 32H6230-CP 
20-Pin SOL 32H6230-CL 32H6230-CL 


Preliminary Data: —_ Indicates aproduct not completely released to production. The specifications are based on preliminary evaluations and 
are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 
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DESCRIPTION 


The SSI 32H6240 Servo Motor Driver is a bipolar 
device intended for use in Winchester disk drive head 
positioning systems employing linear or rotary voice 
coil motors. When used in conjunction with a position 
controller, such as the SSI 32H568 or the SSI 32H6220 
Servo Controllers, and a position reference, such as 
the SSI 32H567 Servo Demodulator, the device allows 
the construction of a high performance, dedicated 
surface head positioning system. 


The SSI 32H6240 serves as a transconductance 
amplifier by driving 4 bipolar power transistors in an H— 
bridge configuration and performs motor current 
sensing by using an on-chip differential amplifier. In its 
linear tracking mode, class B operation is guaranteed 
by crossover protection circuitry, which ensures that 
only one transistor in each leg of the H-bridge is active. 
Automatic head retraction and spindle braking may be 
initiated by a low voltage condition or upon external 
command. 


The SSI 32H6240 is implemented in an advanced 
bipolar process and dissipates less than (240 mW) 
from a 12V supply. The SSI 32H6240 is available in 
a 28-pin PLCC. 


BLOCK DIAGRAM 
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Advance Information 
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FEATURES 


Predriver for linear and rotary voice coil 
motors 


Interfaces directly to Bipolar H-Bridge motor 
driver 


Class B linear mode and constant velocity 
retract mode 


Power transistor disable function 

Precision differential amplifier for motor 
current sensing 

On-chip precision power fail detect 


Automatic head retract and spindle braking 
signal on power failure 


External digital enable 
Servo loop parameters programmed with 
external components 


Advanced bipolar IC requires under (240 mW) 
from 12V supply 


Available in 28-pin PLCC packaging 


+5V, +12V operation 


PIN DIAGRAM 


' < 
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ERR+ [5 A-COMP 
VREF [|6 OUTB 
SOUT [| 7 B-COMP 
BRK []8 SE1 
DISABLE []9 SE2 
RETRACT [] D-COMP 
PFAIL [] 11 OUTD 
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FUNCTIONAL DESCRIPTION 
(Refer to block diagram and typical application Fig.2) 


There are three modes of operation of the SSI 32H6240: 
Disable, Retract, and Linear. The circuit mode is con- 
trolled by the DISABLE , RETRACT, PS1, and PS2 
pins. 


DISABLE mode turns off the output drivers. OUTA and 
OUTC are pulled to VCC through internal 1.5 kQ 
resistors. OUTB and OUTD are pulled to GND through 
internal 1.5 kKQ resistors. Disable mode does not over- 
ride Retract mode. 


RETRACT mode turns off OUTB and OUTC. OUTDis 
turned on. OUTA is turned on in a special manner to 
force 1V at SE1. Retract mode does override Disable 
mode. 


POWER FAIL mode occurs when either PS1 or PS2 
fall below 1.3V. Power fail overrides Retract and 
Disable inputs and forces the chip into RETRACT 
mode. | 


When the RETRACT pin is pulled low the SSI 32H6240 
will go into retract mode. The BRK pin will go high. 
When the DISABLE pin is pulled high it will cause all 4 
bridge power transistors to turnoff. PFAIL and BRK will 
remain low if PS1, PS2, and RETRACT pins do not 
change. 


During linear mode operation an acceleration signal 
from the servo controller is applied through amplifier 
A1. Amplifier A1's three connections are available for 
connection to external loop compensation compo- 
nents. The ERR signal drives two precision amplifiers, 
each with a gain of 8.5. The first of these amplifiers is 
inverting, and is formed from opamp A4, an on-chip 
resistor divider, and an off-chip complementary Bipolar 
Power Transistor pair. The second amplifier is non- 
inverting and is formed in a similar manner from opamp 
A5. Feedback from external transistor's collectors on 
sense inputs SE1 and SE3 allows the amplifier's gains 
to be precisely set. The voice coil motor and a series 
current sense resistor are connected between SE1 
and SE3. The output of the amplifiers will provide the 
base current for the external H-Bridge Bipolar Power 
Transistors. The chip is designed to work with external 
transistors with a minimum Beta of 40 and minimum fr 
of 40 MHz. The base bias resistors for the external 
bridge transistors are internal to the IC. 
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Cross over protection circuitry between the outputs of 
A4 and A5 and the external power transistors ensure 
Class B operation by allowing only one transistor in 
each leg of the H-bridge to be in conduction. The 
crossover circuitry can also disable all Power Transis- 
tors simultaneously (to limit motor current or velocity) 
or apply a constant voltage across the motor (to retract 
the heads at a constant velocity.) 


Motor current is sensed by a small resistor placed in 
series with the motor. The voltage drop across this 
resistor is amplified by a differential amplifier with a 
gain of 2 (A2 and associated resistors), whose inputs 
are SE1 and SE2. The resulting output voltage, SOUT, 
is proportional to motor current, and hence accelera- 
tion. This signal is externally fed back to A1 so that the 
signal ERR represents the difference between the 
desired acceleration (fromthe servo controller) andthe 
actual motor acceleration. The total output offset 
current (Vin = Vref, Rsense = 0.5Q) isless than5.5 mA. 


The SSI 32H6240 has low voltage monitor circuitry that 
will detect a decrease in the voltage at PS1 and PS2 
pins. The +5V and +12V power supplies are divided 
down by external resistors and then compared to an 
internal 1.25V +5% reference. The power supply pin, 
VCC, should be connected to the disk drive's spindle 
motor so that its stored rotational energy may be used 
to hold up VCC briefly during a power failure. Whena 
low voltage condition is detected on either the PS1 or 
PS2 pins the BIPOLAR drivers switch from linear 
operation to retract mode. In this mode a constant 
voltage is applied across the motor which will cause the 
heads to move at aconstant speed. Amechanical stop 
must be provided for the heads when they reach a safe 
location. External current limiting circuitry is required 
for both the linear and retract modes of operation. An 
open collector output, PFAIL, which is low in the linear 
mode, will go high to indicate a power failure. This 
signal is gated with the RETRACT input signal to force 
the chip into the Retract mode during power failure and 
to signal a BRK spindle. A BRK spindle is signaled by 
forcing a High level on the BRK open collector output 
which is normally low in the Linear mode. The BRK pin 
is provided for spindle motor braking. An external RC 
delay may be used to defer braking until the heads are 
retracted. | 
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FIGURE 2: SSI 32H6240 Typical Application 
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PIN DESCRIPTION 


"Retract" is asserted a forced head retraction occurs. Usually supplied through a 
power Schottky diode from Spindle Motor Supply. 


5-volt power supply 


TYPE | DESCRIPTION : 
REFERENCE VOLTAGE - 5.0V input. All analog signals are referenced to this input. 


POSITIVE SUPPLY - Usually taken from spindle motor supply. Spindle motor stored 
energy permits head retraction during power failure. If either a "Power Failure" or a 
pe | GROUND 
DESCRIPTION | 


POSITION ERROR- Loop compensation amplifier output. This signal is amplified by 
the BIPOLAR drivers and applied to the motor by an external BIPOLAR H-bridge, as 
follows: SE3-SE1 = 17 (ERR-VREF) 


POSITION ERROR INVERTING INPUT - Inverting input to the loop compensation 
amplifier. | 


POSITION ERROR NON-INVERTING INPUT - Non-inverting input to the loop 
compensation amplifier. 


MOTOR CURRENT SENSE OUTPUT - This output provides a voltage proportional 
to the voltage drop across the external current sense resistor, as follows: SOUT- 
VREF=4 (SE2-SE1) 


BRAKE OUTPUT - Active high, open collector output which may be used to enable an 


external spindle motor braking transistor upon power failure. External resistor may be 
tied to +5 or +12V. 


DISABLE DISABLE DRIVERS INPUT — Logic level input. An input high level will cause all 
4 bridge BIPOLAR Power Devices to turn off. DISABLE does not override retract. 


RETRACT RETRACT INPUT —Logic level low will assert aforced head retraction. RETRACT will 
override DISABLE. RETRACT will continue to work at VCC=3.5V. 


POWER SENSE 1 — 12V sense input to power fail comparator. | 


POWER SENSE 2 — 5V sense input to power fail comparator. 


POWER FAIL — Power fail indicator open collector output. Floats if either supply goes 
below threshold. 


INTERNAL REFERENCE MONITOR - Used for testing purposes only. 
AMPLIFIER A COMPENSATION - Compensation capacitor pin 
AMPLIFIER B COMPENSATION - Compensation capacitor pin 


AMPLIFIER C COMPENSATION - Compensation capacitor pin 
AMPLIFER D COMPENSATION - Compensation capacitor pin 
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CONTROL (Continued) 


TYPE | DESCRIPTION 


MOTOR CURRENT SENSE INPUT - Non-inverting input to the current sense 
differential amplifier. It should be connected to one side of an external current sensing 
resistor in series with the motor. The inverting input of the differential amplifier is 
connected internally to SE1. 


MOTOR VOLTAGE SENSE INPUT - This input provides feedback to the non-inverting 
BIPOLAR driver amplifier. It is connected to one side of the motor. The gain to this 
point is: SE3-VREF = 8.5 (ERR-VREF) 


MOTOR VOLTAGE SENSE INPUT - This input provides feedback to the inverting 
BIPOLAR driver amplifier. It is connected to the current sensing resistor which is in 
series with the motor. The gain to this point is: 

SE1 - VREF = -8.5 (ERR-VREF) 


PNP DRIVE (INVERTING) - Drive signal for a PNP power transistor connected 
between the current sense resistor and VCC. The PNP collector is also connected to 
SE1. Crossover protection circuitry ensures that the PNP and NPN devices driven by 
OUTA and OUTB are never simultaneously enabled. 


1 NPN DRIVE (INVERTING) - Drive signal for an NPN power transistor connected 
between the current sense resistor and GND. This NPN collector is also connected 
to SE1. 


PNP DRIVE (NON-INVERTING) - Drive signal for a PNP power transistor connected 
between one side of the motor and VCC. This PNP collector is connected to SE3. 
Crossover protection circuitry ensures that the PNP and NPN devices driven by OUTC 
and OUTD are never simultaneously enabled. 


NPN DRIVE (NON-INVERTING) - Drive signal for an NPN powertransistor connected 
between one side of the motor and GND. This NPN collector is connected to SES. 
Crossover protection circuitry ensures that the PNP and NPN devices driven by OUTC 
and OUTD are never simultaneously enabled. 
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ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 
(Maximum limits indicates where permanent device damage occurs. Continuous operation at these limits 
is not intended and should be limited to those conditions specified in the DC opeteing characteristics.) 


UNITS 


VREF 


[soldertemperaure | t0secawaion «dC 


_ RECOMMENDED OPERATION CONDITIONS (Unless otherwise noted, the following conditions are valid 
throughout this document.) 


Normal Mode 
Retract Mode 
VREF 
Operating temperature 


DC CHARACTERISTICS 


ee 
race 
5 | eC 
ome 


vA +5V Current 
IREF, VREF current 


A1, LOOP COMPENSATION AMPLIFIER 


ae 

| Unity gain bandwidth utter cn. ccccucd 

CMR 
6-140 


hoe 
| ma 
mA 
nA 


pA 
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A2, CURRENT SENSE AMPLIFIER 


RETRACT IIH 


DISABLE and RETRACT 


Threshold Voltaq 
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BIPOLAR DRIVERS 


PARAMETER CONDITIONS 


SE3 Input Impedance To VREF me 
A Comp, C Comp Voltage Swing | w/ External Trans. 
B comp, D Comp Voltage Swing | w/ External Trans. 


Output Impedance 

A, B, C, D Comp Output Off, No External Trans. 
Transconductance 

| (A, B, C, D Comp)/(ERR-VREF) 


Gain Includes External Trans. 
-(SE1-VREF)/(ERR-VREF) or 
(SE3-VREF)ERR-VREF) 


Offset Current Rs = 0.50 Rf = Rin 

(A2 Vos) Vin = Vref 

Retract Motor Voltage 1.7 V 
(SE1-SE3) 


Out B, Out D Vout = 0.8V 

Source Current 

Out B, Out D Vcc = 10.8V, Out B, D = 0.8V 
Current Limit Vcc = 12.0V, Out B, D = 0.8V 
Out A, Out C Vout = 11.2V 

Sink Current 

B and D Output 

NPN Output Transistor Beta Ic = 20mA Vce = 10V 

A and C Output 

PNP Output Transistor Beta Ic = 20mA Vce = 10V 
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FIGURE 3: Complete Example of Servo Path Electronics using the SSI 32H567/6220/6240 Chip Set 
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PACKAGE PIN DESIGNATIONS | 
(TOP Vi EW) for a static sensitive component. 


wl} ERR- 

wf] ERR 

=f} vec 
rf] 1.3V 
| wc 
r] OUTA 


ERR+ []5 A-COMP 
VREF []6 OUTB 
SOUT []7 B-COMP 
BRK []8 SE1 
DISABLE []9 SE2 
RETRACT [] 10 D-COMP 
PFAIL [] 11 OUTD 


Oe ae a es ae 
o 5 8 
a a 


| 28-Pin PLCC 


Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for 
final design. 
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DESCRIPTION 


The SSI 32H651 0 is a fully integrated power amplifier for 
use in disk drive head positioning systems employing 
linear or rotary voice coil motors. It is intended for use in 
5V systems and is capable of generating +1 Amp motor 
currents. The part is internally thermal overload pro- 
tected. 


The SSI 32H6510 is a power transconductance ampli- 
fier for use in driving voice coil type servo motors 
(VCMs). The SSI 32H6510 has two primary modes of 
operation, normal (or linear) and retract. The retract 
mode is activated by a power supply failure or when 
RETRACT is asserted. Otherwise the device operates 
in linear mode. 


BLOCK DIAGRAM 


6-145 


November 1991 


FEATURES 


36-pin SO package 

Internal 1A power devices 

NMOS output stage 

Total on resistance less than 1.3Q at 500 mA 
Thermal overload protection 

No deadband, low distortion, class B output 
Low power sleep mode 


Gain select switch optimizes performance with 
8-bit DACs 


Built in retract circuitry 
Power fault detection 


PIN DIAGRAM 


VREF [| 4 36 [] SOUT 
VBEMF [] 2 35 |] SWIN 
vBYP2 [] 3 34 |] ERRM 
SWON |] 4 33 |} GND 

GND [| 5 32 |] SE1 

vm1 [| 6 31 |] SE2 

Nic [| 7 30 [] ERR 


29 [] VRETRACT 
32H6510 


28 || VBYP1 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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DESCRIPTION (continued) 


The SSI 32H6510 consists of five major blocks: SOUT 
amplifier, ERR amplifier, retract amplifier, power ampli- 
fier, and control circuitry. These parts are each de- 
scribed in this section. External components needed 
for proper operation of the SSI 32H6510 are also 
described. 


SOUT AMPLIFIER 


This amplifier generates a voltage at SOUT that is 
proportional to positioner current. It does this by sens- 
ing the voltage across Rs, amplifying it, and referenc- 
ing the result to VREF. Since the common mode 
voltage on Rs can range over the full power supply, 
while the differential voltage is a few millivolts, the 
SOUT amplifier is designed to have very high input 
common mode rejection, and very low input offset. 


ERR AMPLIFIER 


The ERR amplifier is a high gain op amp. Due to the 
fixed gain of the power amp, ERR is proportional to the 


VCM voltage. The negative input of this amplifier is the | 


system summing junction--currents proportional to the 
desired VCM current, the measured VCM current, and 
the VCM voltage are summed here. 


TABLE 1: IC Mode Selection 


SLEEP RETRACT 


ae 

a ae 
a ae ae oe 
ae 
tp 
et 


INPUT 
VCHK>VBGAP 
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POWER AMPLIFIER 


The power amplifier is a fixed gain voltage amplifier 
with differential inputs and outputs. Its input is the 
differential voltage between ERR and VBGAP. Its 
output drives the VCM directly. 


RETRACT AMPLIFIER 


When a voltage fault is sensed, or when RETRACT is 
asserted, the SSI 32H6510 enters retract mode. inthis 
mode, itis assumed that no current is available from VP 
(VP may actually be at GND potential). Thus power for 
this mode comes from VBEMF, the rectified spindle 
back EMF voltage, and from VBYP1, a voltage gener- 
ated from the external storage capacitor CBYP. The 
retract amplifier is powered by VBYP1. It senses the 
voltage at VRETRACT and raises VM1 to be equal to 
VRETRACT. The drain ofthe source followeris VBEMF. 


CONTROL CIRCUITRY 


The control circuitry consists of voltage monitoring 
circuitry, a thermal overload circuit, and control logic. 
The inputs to the control circuitry are the external 
signals RETRACT, VCHK, and SLEEP, along with 
internal signal from the thermal overload detector (vis- 
ible externally on TSD). Table 1 describes the behavior 
of the part in response to these inputs. 


CHIP FUNCTION 
BRIDGE RETRACT | SYSRST | SRST 


| ot | oT 
ee oe 
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PIN DESCRIPTION 


| NAME ——s|-—s TYPE__| DESCRIPTION 


The positive power supply. The VP pins are thermally connected to the die and 
provide a low thermal resistance path to the circuit board. All VP pins should 
be shorted together. 

}GND | Power _— The negative power supply. All GND pins should be shorted together. 

The current sense amplifier output. SOUT is referenced to VREF. 

ee The error amplifier output. ERR is used to provide compensation to the 
transconductance loop. ERR is referenced to VBGAP. 

The error amplifier negative input. | 

The reference voltage for the error amplifier and the current sense amplifier. 

PRETRACT | Digin | Whenlow,forcesarctac, 

ptarest | igin [Testis 


VCHK An In Comparator input for power supply monitoring. When VCHK is below VBGAP, 
an internal voltage fault is generated. 


VBGAP Aninternal voltage reference for use with the power supply monitor comparator 
An Out Aresistor is tied from this pin to ground to establish the bias current for internal 
Circuitry. 

SLEEP Turns off the output drivers. Does not override the retract function when a 
voltage fault occurs. Powers down all but the voltage monitor and retract 
junction temperature has exceeded the recommended operating range and 

that the part is in thermal shutdown. 
RCRST O/C Out | This pin serves the dual purpose of providing power-on-reset and stretching 
short VFAULT pulses to a width suitable for the host microcontroller. An 
external RC network sets the minimum width of any SYSRST pulse. 


Circuitry. 
SYSRST O/C Out | Whenlow, this open collector output indicates that an internal voltage fault has 
occurred. 


VRETRACT The retract voltage. Supplied externally by a diode reference. 
VBYP1 An In The bypassed power supply. An external capacitor is connected to this node 
to store charge for use by the retract circuitry. 
VBYP2 The other side of the bypass capacitor is connected here. 


VBEMF An In Rectified spindle back emf voltage. This input provides current to the internal 
retract power FET 


Thermal Shut Down. When low, this open collector output indicates that the 
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PIN DESCRIPTION (continued) 


|NAME | _‘-TYPE__| DESCRIPTION 
One side of the voice coil motor. 


The other side of the voice coil motor and sense resistor combination. 
SE1, SE2 The sense voltages around the sense resistor. 


ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 
Operation of the part outside these limits may result in degradation or failure of the device. 


PARAMETER _ | RATING 


| Voltage on any pin 
VBEMF, VBYP1, VBYP2, SYSRST, RCRST -0.3 to 16 


VM1, VM2, SE1, SE2 -0.3 to 12 


All others : 
[Sar Tonpeetre GDeecaraioy aw 
Output Current - wm (VM2) a ee ee ee 
UO SS ee 


RECOMMENDED OPERATING CONDITIONS 
The performance specifications for this part apply only when the operating environment is within this specified 
range. 


PARAMETER CONDITIONS 
Power Supply, VP 
Junction Temperature 


Output Current - I(VM1), I(VM2 
VBEMF 
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PERFORMANCE SPECIFICATIONS 


DESCRIPTION 


VP Supply Current: 
Normal operation, Imotor = 0 


CONDITIONS 


| ERRM input offset (ERR = ERRM) peeeenemanorenese an 
ERR output swing ee Fe 
GAIN(VM1-VM2)(ERR-VBGAP) | sd 


Retract offset 
VRETRACT input impedance 
Output voltage drop: VP-|VM1-VM2| 


Imotor = + 0.5A, Tj = 25°C 
Imotor = + 0.1A, Tj = 25°C 


Thermal shutdown temperature 


Crossover distortion 
| Imotor = 10mA p 1000 Hz 
Digital open collector output, sink current: 


SYSRST, RC_RST, TSD 
Vol = 0.4V 


SWIN on resistance 
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PACKAGE PIN DESIGNATIONS 
(Top View) 


32H6510 


36-Lead SOM 


Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for final 
design. 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 


reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 
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A TDK Group § Company 


re SSI 32H6520 
sign ses ° Embedded Servo Controller 


Advance Information 


September 1991 
DESCRIPTION Embedded Servo Burst Processor 


e Servo control for Winchester disk drives with 


The 32H6520 Embedded Servo Controller is aCMOS embedded servo sectors 


monolithic integrated circuit housed in a 44-pin SO and 


operates on a single +5.0 volt supply. It provides one ¢ For use in pP/DSP-based digital servo 
10-bit A/D converter with 2.5 1s conversion time, and applications 

two 10-bit D/A converters with 5 us conversion time as ° Pulse area detects and S/H circuits for up to 
well as Motorola/Intel compatible bus interface (Motel) four embedded servo bursts 

to commonly used microcontrollers such as 800196 he 

and 68HC 11. In addition, it includes bus interface logic * Programmable gain adjustment from -2.8 dB to 
to support DSP-based, such as TMS320XX, digital 3.2 dB 

servo applications. The features for each functionally (continued) 


different section are summarized as follows: 


BLOCK DIAGRAM 


7) ADCSH 
ry ADCINA 
C7 ADCIN3 
(] ADCIN2 
(1 ADCINI 
(} AUXINM 
(] AUXINP 
[} AOCSTR 


. " AREADETECTOR a bd 
AZ kt 
GAIN (3:0) | | < 
; ! 1 TY TY VY a ; 
| INTI . es 
SERIN | 10 Bi ADC (9:0) 
sere b____. Ce a (254s) ADCBUSY 


a WT2 AREA DETECTOR VREF 


STB1 Ct START 
10 10 - Bit RDAORO 
DAC — >———__------—_—_———_{] DAcouT1 


4 AZ 
WTEG [) EMBEDDED INT (4:1) 
sadiinstinnatitentientitentinenticattantiations 3 ‘ (5 ps) 
SERVO AZ TIpursts DAC (9:0) 1 
TIMING INT3 AREA DETECTOR 
INTAZ LOGIC a ie 1) DACREFI 


eee as a) ADC CALIB ADC SEL (2:0) 


STB2 
ee Deter ete aon 5 = 
2 BURST4 : 10 - Bit 
INTA AREA DETECTOR e DAC sere DACOUT2 
4 DAC (9'0) 2 (5 ps) 


BSTSEL (1:0) ff 


VPD DACREF2 


ne) BUPRSTROY 
i [] VREF 
q cK, 5 6 
a S 3 YOEs ae 
2 = VREF 
RDADRO = fe VROK 
wo 
| | BIAS 
BIAS Cunnce Q IBR 


VREF 


GAIN (3:0) 
BSTSEL (1:0) 


sTB2 


cd RDADRO 
XS D (7:0) 
SS ADR (7:0) 

2 
es SCALE (1:0) 

4 

2 

3 
[S35 ADC SEL (2:0) 
| me ADC CALB 
L-_f» ADCBUSY 
|____ge BURSTRDY 
|___ = ADCRDY 
| ____ SLEEP 


PROCESSOR INTERFACE 
AND 


REGISTERS 
(8° 8 BITS) 


oa 
U} 
[| 
— 
ae 


BUSMODE () 
DSPMODE 0) 


AO (7:0) © 
E 
ASE O 
FO oO 
Wr 
tS 
NT 
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DESCRIPTION (continued) 


Data Acquisition and Microprocessor/DSP Bus 
interface 


¢ Motel bus interface compatible with 80C196 
and 68HC11 


¢ Businterface logicto support DSP-based digital 
servo applications 


¢ Eight internal registers and address decoding 


e¢ Two 10-bit D/A converters with 5 ps conversion 
time 


¢ One 8-channel 10-bit A/D converter with 2.5 us 
conversion time 


General Functions 


e Voltage fault detection 

¢ Low power CMOS design 

¢ 44-pin SO package 
FUNCTIONAL DESCRIPTION 


The 32H6520 can be divided into four major sections: 
embedded servo burst processor, voltage fault detec- 
tor/logic, data acquisition and microprocessor/DSP 
bus interface. 


EMBEDDED SERVO BURST PROCESSOR 


The embedded servo burst processor extracts the head. 


position error information from the embedded servo 
bursts using an area detection technique. The area 
detection technique provides improved noise immunity 
over peak detector. The embedded servo burst proces- 
sorcontains a differential/gain amplifier, four pulse area 
detectors and required timing logic. First, a full wave- 
rectified analog signal from a read data channel, such 
as SSI 32P4620, is provided at SERIN through an 
external resistor equal to Rint and a DC reference level 
forthe fullwave-rectified analog signal at SEREF through 
another external resistor equal to Rint. To accommo- 
date a wide dynamic range of servo burst amplitudes 
and process variations of the integration capacitor Cint, 
the differential signal between SERIN and SEREF is 
scaled under uP control. The gain of the differential 
amplifier ranges from -2.8 dB to 3.2 dB in a step of 0.4 
dB, as defined inthe SERVO GAIN CONTROL register. 
The output of the differential/gain amplifier is then 
provided to four pulse area detectors whose output are 
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proportional to the area above the DC reference level 
during time intervals defined by an external timing 
source through INTEG. Each area detector applies an 
on-chip capacitor Cint equal to 10 pF to integrate the 
incoming pulses during the integration interval and then 
hold the integrated voltage outputs thereafter. Note that 
the max +20% tolerance of on-chip capacitors can be 
Calibrated out by adjusting the gain of the preceding 
amplifier. Finally, the integrated voltage outputs at 
BURST1, BURST2, BURST3 and BURST4 are pro- 
vided to a 10-bit A/D converter under p/P control and will 
be discharged during a time interval defined by an 
external timing source through INTAZ. For proper 
operatons, the time interval defined by the INTAZ must 
be no less than 0.5 us and be applied only once per 
servo frame preceding the integration pulses defined by 
the INTEG. 


Limited timing logic is included to generate all the timing 
signals required for the embedded servo burst proces- 
sor, per figure 1. These timing signals control the 
integration, sample/hold of the pulse area detectors. 
The number of embedded servo bursts supported by 
this circuit are two, three or four. The BSTSELO and 
BSTSEL1 bits in the SERVO CONTROL register con- 
figure the internal timing logic to generate a servo burst 
ready interrupt after the last servo burst is captured. 


VOLTAGE FAULT DETECTOR/LOGIC * 


The voltage fault detector is to monitor the power supply 
applied at PSV through an external resistor divider, 
which defines the trigger level for power supply failure. 
An open-drain output VFAULT is pulled HIGH by an 
external resistor when a power supply failure is sensed 
by the PSV comparator. The user-defined trigger level 
for voltage failure is applied at PSV. Another open-drain 
output, opposite logic polarity as the pin VFAULT and 
with an additional RC delay, is provided at SYSRST. 
The amount of SYSRST delay is determined by an 
external RC connected to the pin, RCRST. 


DATA ACQUISITION 


The A/D converter is multiplexed to eight different 
analog inputs by programming the ADC SELO, 
ADC SEL1, and ADC SEL2 bits in the ADC ADDRESS 
register by the uP. The eight analog inputs multiplexed 
to the A/D converter are four embedded servo proces- 
sor outputs at BURST1, BURST2, BURST3 and 
BURST4 and four external analog inputs through four 
T/H amplifiers. These T/H amplifiers sample external 


0991 - rev. 


0991- rev. 


DATA ACQUISITION (continued) 


analog inputs during the time interval defined by an 
external timing source applied at ADCSH. If the sam- 
pling of four external analog inputs is not necessarily 
synchronized, ADCSH must be tied to HIGH. The A/D 
conversions on these external analog inputs are al- 
ways referenced to the internal voltage reference at 
2.25 volts. An operational amplifier with uncommitted 
inputs is provided to implement a level shifting function 
for the external analog input applied to AUXINP. The 
output of the operational amplifier is tied to ADCIN1. 


The A/D converter starts to acquire a new analog input 
whenever the conversion is completed. A minimum of 
1 ws is required to acquire an analog input to the A/D 
converter. Actual conversion is started by reading the 
A/D MSB register or by an external timing source 
applied to ADCSTR. The A/D address lines ADC SELO, 
ADC SEL1, and ADC SEL2 will be incremented by one 
after the A/D conversion is started. The automatic 
increment of the address lines is employed to eliminate 
repetitive write operations by the uP to the ADC AD- 
DRESS register required for converting the consecu- 
tive analog inputs. 


The A/D converter runs synchronously with the interna! 
4 MHz clock which is used for various circuits on the 
32H6520 and divided down from the system clock 
SYSCLK by a prescaler. Therefore there would be a 
maximum of 0.25 us of latency between a conversion 
request and the actual start of the conversion. The 
output is coded in 2’s complement. 


SSI 32H6520 
Embedded Servo Controller 


Similarly, the D/A converters run synchronously with 
the internal 2 MHz clock and the conversion is started 
by writing to the corresponding D/A input register. The 
output of the first D/A converter is referenced to an 
external analog input, DACREF1 and the output of the 
second D/A converter is referenced to an external 
analog input, DACREF2. In the “normal” mode when 
STBEN1 (STBEN2) bit in the ADC ADDRESS register 
is reset, the D/A output will be automatically applied to 
DACOUT1 (DACOUT2) during the conversion. In the 
“strobe” mode, the D/A output will be applied to 
DACOUT1 (DACOUT2) at the falling edge of RD fora 
read to the corresponding D/A MSB DATA register. 


MICROPROCESSOR/DSP BUS INTERFACE 


The 32H6520 is provided with Motorola/Intel compat- 
ible bus interface for a direct connection to popular 
microcontrollers such as 80C196 and 68HC11. It also 
contains logic to interface with TMS320XX for DSP- 
based servo applications. Bus control signals ALE, RD, 
WR and BUSMODE are interpreted differently, as de- 
scribed in table 1, based upon the type of processors 
being used. When the 32H6520 is interfaced with 
TMS320XX, the pin DSPMODE must be tied to HIGH 
and the pin BUSMODE is redefined as XFER/SEL. The 
pin BUSMODE must be tied to HIGH for an Intel bus 
interface and LOW for a Motorola bus interface. The 
ASE pin gates the ALE/AS input and canbe usedto shut 
off the ALE/AS to minimize noise on the chip when the 
uP interface is not active. The CS pin performs a similar 
function on the rest of the uP bus inputs. The timing 
diagrams for different processors are depicted in Fig- 
ures 2, 3 and 4. 


TABLE 1: Microprocessor/DSP Bus Interface 


DSPMODE 
EEOMene Aes 


TMS320XX 


li 


ae 


as E:or 
oes Phase 2 


HIGH 
XFER/SEL (PAO) 
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REGISTER DESCRIPTIONS 


The 32H6520 contains eight 8-bit internal registers 4D1, and AD2(MSB) at the falling edge of ALE. The 
which provide control, option select and status monitor- "egisters 0, 2, and 3 are read/write memory, and the 
ing. The registers are addressed with a 3-bit register ‘egisters 1, 4, 5, 6, and 7 are write only memory. The 
address which is latched from inputs at ADO(LSB), "egisters are summarized in Table 2. 


TABLE 2: Register Descriptions 


W 


DAC1 LSB DATA | 
DAC1 MSB DATA 
| =w | DAC2LSB DATA 


DAC2 MSB DATA 


INTERRUPT MASK/STATUS REGISTER 


Address: 0 
Access: Read/Write 
Reset: Bit 0, 1 only 


Register contents when Written: 


[err [Name [DesonpmoOw SSCS 
0 [BURST INT_[ When set FIG rirupl is enabled on ho oibedded sero poston bras ead 
1 


ADC INT When set HIGH, interrupt is enabled on the completion of the A/D conversion. 
Pt sed ——C—“‘$RNNN 


Register contents when Read: 


oes BURSTRDY | Active high indicates that the embedded servo bursts are ready. 


ADCRDY Active high indicates that the A/D conversion is completed. 


Each interrupt event status will be reset after the wP reads this register. The interrupt control register determines 
if the event will actually cause a latched assertion of the yP signal INT. 


7 
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SERVO GAIN CONTROL & PRESCALER REGISTER 


Address: 1 
Access: Write 
Reset: 00 


DESCRIPTION 


SYSCLK Prescaler. To accommodate different system clocks, the prescaler selects 
a proper divider to generate a fixed clock at 4 MHz per table below: 


SCALE1 SCALEO SYSCLK(MHz) Divider 


NAME 


SCALEO 
SCALE1 


Servo Burst Amplitude Gain Select. These four bits define the gain setting for 
the differential/gain amplifier per table below: 


ose a A Noon el An a 
ee OE Se a Se is I 
ee ee ee 
a Oe ee RS a a a ee 
ae ae ee a (ee ee ee 
en ee ee ee ee ee ee ee ee 
OE RE ee ee ee 
a ee cs oe 
oo had nna nee Dene ee See se Ge 
ee ee eee ee ek es ee ee 

a Sacto Se MAT ee 
Cae (ae a (RE a a rene 
Em Ne (Rs a aT eae (a ee 
ee ae Se el ER es i ee ee 
ee ee ee nee ee eee ee 
ASO A RE eae a el Pe eee ee 


Burst Number Select. These two bits define the number of embedded servo bursts 


per sector. 
BSTSELO # of Bursts 


BSTSELO 
BSTSEL1 


BSTSEL1 
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ADC LSB DATA REGISTER 


Address: 2 
Access: Read/Write 
Reset: Bit 5, 6, 7 only 


Register contents when Written: 


Power-down Mode Enable. When set HIGH, the device is in the sleep mode where 
all analog circuitry are de-biased, the clock is disabled, and the bandgap 


voltage, reference voltage fault logic and processor interface stay active. 


When set HIGH, the analog output of the DAC1 is transferred and held onto 
DACOUT1. 


When set HIGH, the analog output of the DAC2 is transferred and held onto 
DACOUT2. 


| Register contents when Read: 

| Description: After A/D conversion, the least significant 2 bits of the 10-bit digital word is stored into the register. 
| 

| 


fo-5 | Unused. Logic LOW is provided to these bits. 
ADCO, ADC1 | The LSB 2 bits of the A/D converter output in 2’s complement format. | 


ADC ADDRESS & MSB DATA REGISTER 


Address: 3 
Access: Read/Write 
Reset: Bits 0, 1, 2, and 3 only 


Description: When Written, the least significant 3 bits of the register define the analog input to the 10-bit A/D 
converter. After conversion, the most significant 8 bits of the 10-bit digital word is stored into the register. 


Register contents when Written: 
A/D Converter Input Select. These 3 bits define the analog input to the A/D converter 


per table below: 
ADC INPUT 
ADCIN1 


BURSTS 
BURST4 | 
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ADC ADDRESS & MSB DATA REGISTER (continued) 


[ert [NAME | DESCRIPTION 
| 3 | ADC CALIB | Whenset HIGH, VREF (2.25 volts) is applied to the A/D converter input. 
0 


Register contents when Read: 


ADC2 -9 The MSB 8 bits of the A/D converter output in 2’s complement. ADC is the sign bit. 


DAC1 LSB DATA REGISTER 


Address: 4 
Access: Write 
Reset: 00 


a 


DACO, The LSB 2 bits to the DAC1 in 2’s complement. 
DAC1 


DAC1 MSB DATA REGISTER 


Address: 5 
Access: Write 
Reset: 00 


DAC2 -9 The MSB 8 bits to the DAC1 in 2's complement, DAC9 is the sign bit. 


DAC2 LSB DATA REGISTER 


Address: 6 
Access: Write 
Reset: 00 


a 


DACO, The LSB 2 bits to the DAC2 in 2’s complement. 
DAC1 


DAC2 MSB DATA REGISTER 


Address: 7 
Access: Write 
Reset: 00 


DAC2 - 9 The MSB 8 bits to the DAC2 in 2’s complement. DAC is the sign bit. 
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PIN DESCRIPTION 


POWER SUPPLIES 


|NAME —_—si|:-: DESCRIPTION | 

Analog +5V supply. | 

Digital +5V supply. It must be shorted to analog +5V supply externally. 
VNA Analog ground. 
VND Digital ground. It must be shorted to analog ground externally. 


Alternate Voltage Supply to power the voltage fault logic during a voltage fault. This 
power supply should be taken from the system +5V supply through a Schottky diode and 
be connected to a capacitor, which is used to hold up PSALT briefly during a voltage fault. 


PSALT 


EMBEDDED SERVO BURST PROCESSOR 


|NAME —s|_—s'TYPE__| DESCRIPTION 


SERIN Servo Burst Input - Full-wave rectified analog signal generated from aread 
data channel. This input is to extract the position information from 
embedded servo bursts. 


SEREF Servo Burst Reference - A DC reference level for the full-wave rectified 
analog signal SERIN. 


INTEG Pulse Area Detector Enable - This TTL compatible input, when HIGH, 
activates the pulse area detectors. 
INTAZ 


Integrator Capacitor Reset - This TTL compatible input, when HIGH, 
discharges the holding capacitors, Cint. 


Reset Output - An open-drain output which is pulled LOW with an amount 
of delay determined by an external RC connected to the pin RCRST when 
a supply voltage fault is detected. 


Pin for connection to an external RC to implement the 
delay of active LOW SYSRST. 


SYSRST 


VOLTAGE FAULT DETECTION 

PSV Fault Voltage Comparator Input - A voltage input for the low voltage 
comparator. This input should be connected to an external resistor divider. 
The resistor divider divides its corresponding supply voltage to a proper 
value which is comparable with the internal voltage reference at 2.25 volts. 

VREF Po Or | VREF Output - A buffered voltage reference at 2.25 volts. 
Pin for connection to an external resistor (from GND) to establish a 
reference current for bias currents required for analog circuits. 

VFAULT Voltage Fault Indication - An open-drain output which is pulled HIGH when 
a supply voltage fault is detected. 
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MICROPROCESSOR/DSP BUS INTERFACE 


TYPE DESCRIPTION 


Address Latch Enable - Falling edge latches the register address fromthe 
ADO - AD7 address/data bus. 


Address Strobe Enable - When set LOW, this input enables ALE input to 
the device. 


= ft 2 4 Chip Select - Active LOW signal enables the device to respond to uP read 
or write. 


Write Strobe - In Intel uP applications, active LOW signal causes the data 
onthe address/data bus to be written to the addressed register if CS is also 
active. 


Read Strobe - In Intel uP applications, active LOW signal causes the 
contents of the addressed register to be placed on the address/data bus 
if CS is also active. 


ADO - AD7 /O Address/Data Bus - 8-bit bus which carries register address information 
and bidirectional data. These pins are in the high impedance state when 


not used. 


Mode Select - When active HIGH, Iritel bus interface is selected. Other- 
wise, Motorola bus interface is selected. For DSP interface, when 
DSPMODE set HIGH, this input is redefined as XFER/SEL. 


INT Interrupt Strobe - An open-drain output which signals the P to respond 
to the device. It is released when all pending interrupts have been serviced | 


by the uP. 
DSP Mode Select - When active HIGH, DSP bus interface is selected. 


System Clock Input - A TTL compatible input for the system clock which 
is divided down with a prescaler to generate internal timing signals. 


DAC1 Output - A 10-bit D/A output which converts a digital word from the 
uP into an analog signal. | 


DACREF1 DAC1 Output Reference - An external analog input to be provided to 
DAC1 as a reference voltage for DACOUT1. 

DACOUT2 DAC2 Output - A 10-bit D/A output which converts a digital word from the 
uP into an analog signal. 


DACREF2 DAC2 Output Reference - An external analog input to be provided to 


DAC2 as a reference voltage for DACOUT2. 
ADCIN1 External A/D inputs. 
ADCIN2 


ADCIN3 
ADCIN4 


A/D Analog Sampling Input Strobe - A TTL compatible control signal. 
During active HIGH, four track/hold amplifiers prior to the A/D converter 
will sample external A/D analog inputs. _ | 
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DATA ACQUISITION (continued) 


| NAME TYPE DESCRIPTION 


ADCSTR A/D Conversion Start Strobe - A TTL compatible control signal whose 
rising edge triggers the start of the A/D conversion. 


AUXINP se Level Shifter Noninverting Input - Noninverting input to the level-shifting 
amplifier. 


AUXINM Level Shifter Inverting Input - Inverting input to the level-shifting amplifier. 


ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 


Exposure to absolute maximum rating conditions for extended periods may cause permanent damage to the 
device or affect device reliability. 


SYMBOL PARAMETER RATING UNIT 


VDD Supply voltage applied at -0.3 to 7.0 
VPA, VPD 
GND Signal ground applied at V 
VNA, VND 
| 


| VIND _| Digitalinputvoltages | —-0.3toVDDV03 =| 
vin | Anabginputvotages +t —-asiovons | OV 
| Tsig __| Storagetemperature | to t50 | 


RECOMMENDED OPERATING CONDITIONS 


The recommended operating conditions forthe device are indicated in the table below. Performance specifications 
do not apply where the device is operating outside these limits. | 


| SYMBOL | PARAMETER CONDITIONS 
| VDD Supply voltage 4.75 
applied at VPA, VPD 
GND Signal ground 
applied at VNA, VND 
PSALT Supply voltage 
applied at PSALT 
Ambient temperature 


Dc ee eee sl 
Fe System clock 

| (16MHz, Max) 
ae 


PSALT Supply voltage applied at PSALT -0.3 to 7.0 


System clock duty 
cycle 
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RECOMMENDED OPERATING CONDITIONS (continued) 


SYMBOL | PARAMETER CONDITIONS 
CLOAD Capacitive load on : 
digital outputs 


DC CHARACTERISTICS 


The following electrical specifications apply to the digital input and output signals over the recommended 
operating range unless otherwise noted. Positive current is defined as entering the device. Minimum and 
maximum are based upon the magnitude of the number. 


Supply current VDD = 5.25V 
Normal mode 
Sleep mode 


Output logic “0” lol = 1.6mA 
voltage VDD = 4.75V 
Input logic “1” VDD = 4.75V 
voltage 

Input logic “0” VDD = 4.75V 
voltage 

Input logic “1” Vih = 5.25V 
Current VDD = 5.25V 


Input logic “0” Vil = 0.0 
current VDD = 5.25V 


FUNCTIONAL CHARACTERISTICS 
EMBEDDED SERVO BURST AMPLITUDE PROCESSOR 


Servo gain = -2.8 dB 
Servo gain = 0 dB 
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FUNCTIONAL CHARACTERISTICS conditions) 
VOLTAGE REFERENCE AND VOLTAGE FAULT CIRCUIT 


PARAMETER | CONDITIONS 


VPA voltage for SYSRST 
& RCRST in operation 
On resistance at RCRST een on oe Ee ee 
RCRST input threshold PSALT=4V fee ie ane fl 
IBR voltage with respecttoVREF | a ee 
VREF voltage | [I <t OWA 214 | - | 2. 
VREF trimming steps relative to 
TRIM1='0’ TRIMO='0’ TRIMO=TRIM1='1’ -30 mV 
TRIM1=’0’ TRIMO='1’ +70 mV 
TRIM1='1’ TRIMO='0' -90 mV 
DATA ACQUISITION 
A/D Converter 
PARAMETER CONDITIONS 
ADCIN full-scale voltage 
with respect to VREF 
PResowton 
Acquisition time 


Conversiontime | 


LSB voltage 
Differential nonlinearity Roe 


D/A Converter 


DAC full-scale voltage 
with respect to DACREF 


+(VREF/2) 
VREF/1024 
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intel Microprocessor Interface Timing 


The following timing specifications are applied when an Intel bus interface is selected by pulling the BUSMODE 
pin to logical HIGH and the DSPMODE pin to logical LOW. Timing measurements are made at 50% VDD with 
100 pF load capacitances for all pins, unless otherwise noted. 


SYMBOL | PARAMETER CONDITIONS 

tALPW_ | Pulse width, 
ALE HIGH 

tAS Muxed address valid 
time to ALE fall 

tAH Muxed address hold 
time after ALE fall 
Read data delay time 
from RD fall 

'DHR Read data hold time 
after RD rise 

'RDPW_ | Pulse width, RD LOW 


tosw Write data setup time 
to WR rise 


'DHW | _ Write data hold time 
after WR rise 


tWRPW | Pulse width, WR LOW 

tRWD RD or WR delay time 
from ALE fall 

loss CS setup time prior to 
ALE fall 

{CSH CS hold time after RD 
or WR rise 

tASES ASE setup time prior 
to ALE fall 

'ASEH ASE hold time to 
ALE fall | 
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Motorola Microprocessor Interface Timing 


The following timing specifications are applied when a Motorola bus interface is selected by pulling the 
BUSMODE pin to logical LOW and the DSPMODE pin to logical LOW. Timing measurements are made at 50% 
VDD with 100 pF load capacitances for all pins, unless otherwise noted. . 


SYMBOL | PARAMETER CONDITIONS 


tasPw | Pulse width, AS HIGH 


tas Muxed address valid 
time to AS fall 


TAH Muxed address hold 
time after AS fall 
Read data delay time 
from DS rise 
'DHR Read data hold time 
after DS fall 


tDSPWR | Pulse width, DS HIGH 
during READ 

tosw Write data setup time 
prior to DS fall 

tpHW Write data hold time 

after DS fall 


'DSPWW | Pulse width, DS HIGH 
during WRITE 

'ASDS ___| DS delay time from 
AS fall 

{ASRW_ | R/W delay time from 
AS fall during WRITE 

'RWH R/W hold time after 
DS fall during WRITE 

loss CS setup time prior 
to AS fall 


(CSH CS hold time after 


DS fall 


ASE setup time prior 
to AS fall 


ASE hold time 


taSES 
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DSP Interface Timing 


The following timing specifications are applied when a DSP bus interface is selected by pulling the DSPMODE 
pin to logical HIGH. Timing measurements are made at 50% VDD with 100 pF load capacitances for ail pins, - 
unless otherwise noted. 


| SYMBOL | PARAMETER CONDITIONS 
tALPW Pulse width, 
XFER/SEL LOW 
'ALHW-—| XFER/SEL hold time 
after WR rise 
Read data delay time 
from REN fall 
tDHR Read data hold time 
after REN rise 
tRDPW | Pulse width 
REN LOW 


tpsw Write data setup time 
prior to WR rise 

'DHW | Write data hold time 
after WR rise 


twRPW_ | Pulse width, WR LOW 
'cssw_ | CS setup time 
prior to WR 
tcssR___| CS setup time prior 
o REN 
ICSH CS hold time after 
REN or WR rise 
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BURST READY 


TALPW 


Vane 


'ases | 'ASEH 


AD (0:7) 
(WRITE) 


WR 


FIGURE 2: Intel Microprocessor Bus Interface Timing Diagram 
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AD (0:7) 
(READ) 


AD (0:7) 
(WRITE) 


XFER/SEL 


AD (0:7) 
(READ) 


WE 


ie 


| a 
“| 


AD (0:7) 
(WRITE) 


WE 


FIGURE 4: TMS320XX Bus Interface Timing Diagram 
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PACKAGE PIN DESIGNATIONS | 
(Top Vi ew) fora Static sensitive component. 


VPA [] 1 AUXINM 
-ADCIN1 [| 2 AUXINP 
ADCIN2 [] 3 DACREF2 
ADCINS [] 4 DACOUT2 
ADCIN4 [| 5 DACOUT1 
VREF {] 6 DACREF1 
IBR 7 RD 
Psv J 8 WR 
PSALT (| 9 BUSMODE 
VFAULT ALE 
SYSRST INT 
RCRST ASE 
VNA Cs 
SEREF VPD 
SERIN AD7 
INTEG AD6 
INTAZ ADS 
ADCSH AD4 
ADCSTR AD3 
SYSCLK AD2 
VND AD1 
DSPMODE ADO 


44-Pin SOM 


Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for final 
design. 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
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DESCRIPTION 


The 32H6810 combines the head positioning and 
spindle motor electronics with internal power FETs. It 
also provides voltage fault logic and over-temperature 
protection. 


The positioner section serves as a transconductance 
amplifier by driving 4 internal FETs in an H-bridge 
configuration and performs motor current sensing. 
Class B operation is guaranteed by crossover protec- 
tion circuitry, which ensures that only one FET in each 
leg of the H-bridge is active. It also offers over-tem- 
perature protection by disabling the output FETs. In 
addition, automatic head retraction may be initiated by 
a low voltage condition or upon external command. 
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Advance Information 


September 1991 


The (Spindle) Motor Commutator in conjunction with 
external components, provides the motor driving capa- 
bility for starting, accelerating, and rotational speed 
regulation forbrushless DC motors without the need for 
Hall sensors. Control is accomplished via five pins 
(plus 2 optional pins INCOM & UNIPOLAR) and opera- 
tion is monitored via three pins (plus optional pin 
REVCLK). The speed regulation control loop is com- 
pleted with a microprocessor or signal processor exter- 
nal to the SSI 32H6810. 


Motor speed control may be accomplished by measur- 
ing the period of the output signal COMMU. Motor 
armature position is determined by monitoring the coil 
voltage of the winding that is not presently being driven 
by the drivers. The back-emf from the coil in conjunc- 
tion with the state of the output drivers, indicates 
armature position. 


BLOCK DIAGRAM 


VPA VNA SE1 SE2 


COMMUTATOR 


ADAPTIVE 
COMMU 
DELAY 


TIME BASE 


FAULT 
HANDLER 
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DESCRIPTION (continued) 


The back emf is compared to a reference (CT) and 
initiates commutation “events” when the appropriate 
comparison is made. (Commutation is the sequential 
switching of drive current to the motor windings.) Be- 
cause the back-emf comparison event occurs prior to 
the time when optimum commutation should occur, itis 
preferred to delay commutation by a predetermined 
time after the comparison. The commutation delay is 
provided by circuitry which measures the interval be- 
tween comparison events and delays commutation by 
a time equal to 3/7 of the prior measured interval. The 
Circuit is adaptive and will provide the optimum delay 
for a wide range of motor speeds (-80% to +50% of 
nominal). Since the commutation of motor coils typi- 
cally causes transients, the commutation delay circuit 
also provides a noise blanking function which prevents 
response to back-emf comparison events for a period 
of time equal to 4/7 of the interval (between events) 
after the comparison event. The commutation states 
are given in Table 1. 


Input pin VIN is the non-inverting input of a linear 
transconductance amplifier which uses the lower driver 
transistor that is presently active per the commutation 
state as the power driver element. An external resistor 
Rsense is used to sense the current in the drive 
transistor source VSMN (and hence the motor coil 
current). The voltage across the sense resistor is 
amplified by a gain stage (Av = 5) and fed to the 
inverting input of the transconductance output stage. 


The output pins A, B, and C are intended to drive motor 
coils directly. The output drivers operate to reduce 
switching noise transients by limiting dv/dt during com- 
mutation. Each output consists of two n-channel 


TABLE 1: Commutation States 


0, (Reset state) 


(1) B is off in reset state, see text. 


MOSFET drivers, one for pull-up to VSMP and one 
for pull-down to VSMN. The pull-up looks like a switch 
(1.5 Q maximum) with voltage rise and fall times of 
about 25 microseconds. The pull-down transistor is 
part of the transconductance amplifier which converts 
VIN into motor current (Imotor = VIN/(Rsense « 5) ). 
When the pull-down output is commutating to the “off” 
state, dv/dt is controlled such that dv/dt is approxi- 
mately 1.5£10/Rramp volts per second. 


Motor starting is accomplished by a companion micro- 
processor utilizing ADVANCE, SLEEP, BRAKE and 
COMMU. The microprocessor can control SLEEP and 
BRAKE to initialize the commutation counter and then 
increment the counter with ADVANCE. Reset with 
SLEEP = low and BRAKE = low then enable with 
BRAKE = high (power-up condition and preparation to 
begin a starting sequence), the commutation state will 
be state 0 per Table 1, but lower driver output B 
remains inactive to prevent current flow through the 
motor (out of A which is “high”). On the first ADVANCE 
set high, commutation state 1 is selected and the 
drivers are per Table 1. ADVANCE at logic high ex- 
cludes internal commutations. COMMU provides feed- 
back to the microprocessor on motor activity. 


Seven operating conditions are selected via BRAKE, 
SLEEP and RETRACT (when VPA is present) as 
indicated by Table 2. If VPA is not present (VCHK < 
VBGAP), power for the braking circuitry during retract 
and spin-down is provided by the charge stored on an 
external capacitor on pin VBYP1, power for the retract 
circuitry is provided by the back emf voltage and the 
retract circuitry itself is driven by charge stored on the 
capacitor between VBYP1 and VBYP2. 


Pull-Downs Pull-Ups 


B C 
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TABLE 2: Operating Mode Control 


VCHK>VBGAP | SLEEP BRAKE | RETRACT 


ANALOG | COUNTERS | POSITIONER 


Retract Low Z 
to GND 


eee Of | 
Let | Of 

Sleep/Brake Active Float Low Z 
| 0 |Sleep/Retract!| of | Active | Retract_ | Float 
ae | On 


Power Fault 


Brake/Retract Retract Low Z 
to GND 


(Spindle Run) 


xX X Thermal Active Float Float 
Shutdown 
NOTES: 


1. BRAKE internally linked to force retract. 
2. Voltage fault circuit is never turned off. 


X 
2k 
= 
ae 
sz 
oP 
ona 


1 
X 
0 
1 
1 


oe Sas fe 
lesteneecboern 
Mg 
ecianbe td 
on 


The circuit also provides an over temperature detection function. If the die temperature exceeds 135°C 
(approximately), OTSD is asserted low and all output drivers are turned off. The drivers willbecome operative after 
the temperature is reduced and ADVANCE is asserted high. 


PIN DESCRIPTION 
POWER SUPPLIES 


ae 


Ground: Analog ground. 
Supply: Digital positive power supply. 


Ground: Digital ground. VND is circuitry ground and also the low side input 
to the current SENSE amplifier and thus care should be taken to see that 
VND and the low side of the external Rsense resistor are at the same 
potential. 


Supply: Positve supply for voice coil motor. 
Supply: Negative supply for voice coil motor. 


|NAME | 


VVMP 
VVMN1, VVMN2 
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PIN DESCRIPTION 


POSITIONER 


Turns on the switch between ERRM and SWIN 


Analog switch, the other side of the switch is connected to ERRM 


| | Thecurrent sense amplifier output. SOUT is referenced to VREF. 
° | meaner 
transconductance loop. ERR is referenced to VBGAP. 
|_| Theerorampitier negative input, 
[vnc |__| _Thereterence voltage or the errorampitior andthe current sense amplifier. 
cae 
fed 
ae 


VRETRACT The retract voltage. If left open, the retract voltage will be the default setting. 


This value can be over-ridden by biasing VRETRACT externally. 


Connection for the other side of voice coil motor 

Sense voltage on the sense resistor. 3 
SYSCLK 
COMMU 


UNIPOLAR 


ae 
wil 
a 


System clock (input) pin. SYSCLK is 2.00 MHz and is used to generate 
internal timing signals assuming a nominal 3600 RPM, 8-pole motor 
environment. 


Commutation count pin. COMMU is the LSB of the commutation counter. 


Unipolar mode (inverse) select pin. This pin will turn all upper drivers off 
when low. Pulled high internally to provide the default bipolar mode. 


Advance pin. ADVANCE is controlled by microprocessor during start mode 
to increment the commutation counter. The rising edge of ADVANCE will 
increment the counter. ADVANCE held high will inhibit internal incrementing 
of the counter, ADVANCE held low permits the normal operation of commu- 
tation from back-emf events. 


Commutation delay control pin. Adaptive commutation delay may be ad- 
justed from its nominal value of one half the commutation interval by 
inserting or withdrawing current ot this pin. This should only be done via an 
external control loop which can compensate for the range of internal circuit 
parameter variations. 


Control Voltage input pin. The internal driver transistors and internal 
predriver circuits form a transconductance amplifier which will set motor 
current in relation to VIN. Inconjunction with Rsense at VSMN input and the 
gain of the Sense amplifier, transconductance (Gm) will be Gm = Im/VIN = 
1/ (Rsense « 5). 


Motor Drive Outputs. These pins provide drive to the motor coils. | 
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MOTOR SPEED CONTROL (continued) 


TYPE DESCRIPTION 


CT Back EMF input from motor coil center tap. Input connected to the centertap 
for sensing generated back emf voltages. It is also derived internally from A, 
B, C through a resistor network (y-connection). The circuit uses the back-emf 
voltages to determine rotor position and effect commutation. 

RRAMP Lower driver turn-off dv/dt setting resistor. External resistor from VPD to this 
pin sets the dv/dt slope of the motor coil voltage when the lower drivers are 
commutating to the off state. The dv/dt is given approximately by the 
relationship dv/dt (volts/second) = 1.5 « 10E10/Rramp. Typical value: 
RRAMP = 200K. , 

GAIN Sense amplifier gain control pin. In normal operation, this pin is tied to high 
to set sense amplifier gain = 5. In low motor current operation, amplifier 
gain = 10 can be set by tying this input to low. 

VSMP ae Supply: Positive supply for spindle motor. 


VSMN1, VSMN2 | Supply: Negative for spindle motor. Current monitoring sense amplifier (high 
side) input pin and motor current returns to ground. All pins must be 
connected with low resistance circuit board traces. The lower driver 
transistor current (hence motor current) comes out of these pins to Rsense 
resistor to monitor motor current. During normal (at speed) operation, the 
Circuit will control the voltage across this resistor (multiplied by the gain of 


5 in the sense amplifier) to match VIN. 


VVMP, VVMN, VSMP and VSMN conductors must be sized in accor- 
dance with anticipated motor current. The analog and digital supplies 
should be bypassed separately. VPA and VPD should be shorted 
externally, VNA and VND should be shorted externally. 


MISCELLANEOUS 


The bypassed power supply. An external voltage for BRAKE and RETRACT 
circuitry. An external capacitor is attached to this pin and an internal circuit 
will charge this pinto VCC. The charge on this capacitor is used by the brake 
and retract function when VCC is removed (power-off). The capacitor must 
hold sufficient charge during the period when VCC is lost while retract is 
taking place (20 to 50 ms) so it will have enough voltage to drive the outputs 
during braking. Very little current is used during power-off braking so that C 
can be chosen from the retract conditions: 

C 2 Tretract « lvbyp (float mode) / .5 volt 

or approximately: 

C > 500E-6 « Tretract 

This pinis normally a diode drop below VPA, rising by VBEMF during retract. 


The other side of the bypass capacitor connection. This pin is normally at 
VNA, rising to VBEMF during retract. 

Rectified spindle back emf voltage. This voltage drives the internal retract 
FET. 
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PIN DESCRIPTION 


MISCELLANEOUS (continued) 


Sleep pin. When asserted high, internal counters and registers are cleared. 
Refer to Table 2. Also forces an internal voltage fault which causes a head 
retract. Disables all output drivers, powers down all other circuitry except the 
over-temperature and voltage fault circuitry. 


Brake (inverse) pin. BRAKE is used to provide a delay between the initiation 
of fault-induced head retract and motor braking. A capacitor to ground and 
a resistor to SYSRST are selected such that 1.2 « R « C is equal to the 
maximum time required for retract. Refer to Table 2. 


Over-Temperature Sense Detect. Excessive die temperature will bring this 
open drain output low. Spindle motor and positioner drivers are disabled | 
whenever OTSD is asserted. 


Comparator input for power supply monitoring. 


An internal voltage reference for use with the power supply monitor com- 
parator 


A resistor is tied from this pin to ground to establish the bias current for 
internal circuitry. 


This pin serves the dual purpose of providing power on reset and stretching 
short VFAULT pulses to a width suitable for the host microcontroller. An 
external RC network sets the minimum width of any SYSRST pulse. 


ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 
Operation above absolute maximum ratings may permanently damage the device. 


VPA, VPD, 
VVMP, VSMP (1, 2) 


Imax (in or out of 
A, B, C, VM1, VM2) 


Analog /O VIN, RRAMP, VPD + 0.3 


-0.3 
-0.3 
Voltage on pins CT, A, B, C, VBEMF, V 
VBYP1, VBYP2 


Tstg ee 
lll 
(10 sec duration) 
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OPERATING CONDITIONS 


PARAMETER SYMBOL 
Supply Voltage VPA, VPD 4.5 
VVMP, VSMP 4.5 
Supply Current | (VPA + VPD) 


IVVMP 
IVSMP 


| (VPA + VPD + 
VVMP + VSMP) 
Sleep mode 


IVBYP1, braking 
IVBYP1, retract 


VBEMF 
ee 
ae ee 
rrr: nr 
aa a ere ee 
PRBS 

ae eee 
pt 
Pp 
a 
a 


1 
1 


© an) 


OT 
© 
© 


Ta 
cl 
cl 


PARAMETRIC REQUIREMENTS 
Digital Input/Output 


PARAMETER CONDITIONS 
Fclk, SYSCLK 


Twh, Twi, SYSCLK width 
high or low 


— 
So 
© 


0 
10 
10 

12 
10 


Input Leakage 
Vil (SYSCLK, ADVANCE) 


Vih (inputs above) 


Vil (RCRST, BRAKE, SLEEP, 
RETRACT, UNIPOLAR, 
SWON) VM > 4.5V 


Vih (RCRST, BRAKE, SLEEP, 
RETRACT, UNIPOLAR, 
SWON) VM > 4.5V 
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ELECTRICAL SPECIFICATIONS (continued) 
Digital Input/Output (continued) 


[PARAMETER «| CONDITIONS |SMIN [NOM | MAX | UNIT | 


a ce 


RCRST, OTSD 
acaceare CT aman ER Se 7 OA 
VIN 


[inpetGuren’ Sid OCCT OT 


Outputs A, B, C 


| Routup Output in high state, 1.5 Q. 
VPD = 4.75V 

Routlow Output driving low, oe oe Q 

VPD = 4.75V 


VSMN1, VSMN2 


Vin, VSMN1, VSMN2 Normal operation 

lin, VSMN1, VSMN2 0.0 < Vin < 1.0 volt 

Cin 

Transconductance gain from VIN to motor current (steady-state) will be given by: G = Imotor/VIN = 1/ 
(Rsense « 5) 


Digital Output COMMU 


|Voh i tout 100A 


CT, And A, B, C, When Not Driving 


BEMF 
IBEMF 


ie ee oe ee 
IBEMF (sleep) ee Os = 
IBEMF (retract) | (VM1) = 1 (VM2) = 0 = ie 


SOUT | 
[ean SSCS SC 
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SOUT (continued) 


PARAMETER CONDITIONS | MIN | NOM | 
Input Offset =| SOUT = VREF 


ERR 


Imotor = 10 mA 
pp 1kHz 


Output Distortion 


VBGAP 


Bandgap Voltage 


VCHK 


OUTPUT VM1, VM2 
02 


Output in low 
State, VM = 4.75V 

Rout low Output in high 1 
state, VM = 4.75V | 

SWIN 


[onesie Cd 
RETRACT 
0.4 


VRETRACT 

Input Impedance 

VRETRACT (retract mode) VBEMF = 1.0V 0.9 V 
VBEMF = 1.5V 1.0 V 
VBEMF = 3.0V , 1.2 V 
VBEMF = 4.5V 

OTSD (Thermal Shutdown) 


open Circuit voltage 
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PACKAGE PIN DESIGNATIONS 
for a static sensitive component. 


(Top View) 


5 
[}) -— Ke x< 
<Wtaomm ih 2 Zo 
o wi jo |? ~ w [a <0 
rituow ie OGreE MW aS G&G 
wp @& ot © SOF FE 2A > 
c MH iH MW H> FIO > fw 
eam Se Ce es ee Ee Vs ee ee ee ee 


© 
N 
or 
ft 
© 
“J 


VBYP2 [11 36 [] COMMU 
VBYP1 []2 GAIN 


VPA [| 3 RRAMP 
VRETRACT []} 4 INCOM 
VBEMF {|} 5 VSMP2 
VVMN1 [] 6 Cc 
VM1 || 7 VSMN2 
VVMP [] 8 B 
VM2 [} 9 VSMP1 


VVMN2 [| 10 


VNA [111 VSMN1RD 
SE2 []12 25 [] VND 
Ti] = Ld = || [| fd [| Td L Td Ls 
-~- Fue tf Ss Z2anreameex*~ 2 
Lu —_ pom 
Ooorntes®SES8° as 
> Lu 
Zz em 
>» 
48-Lead TQFP 
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SERVO DESIGN EXAMPLE 


The application of the SSI 32H6220 dedicated servo 
controller, SSI 32H569/32H6230 H-bridge predriver, 
and SSI 32H6210 servo demodulator chips require 
both discrete component determination and micropro- 
cessor programmed register values. This section 
provides as a design example, a systematic method of 
determining both the discrete components and pro- 
grammable values required in implementing a fully 
functional track and seek head positioning servo. This 
example makes use of an available Silicon Systems’ 
program named SERVO CALC which runs on the PC/ 
XT or PC/AT compatible personal computer. The 
program provides an interactive enviroment for enter- 
ing target specifications, systematically proceeding 
through the design, and automating the calculation of 
components and programmable values. The program 
provides various tools for system performance review 
such as velocity profile plots, open and closed loop 
Bode plots, step response plot, mechanical resonances 
and notch filter effects. 
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SPECIFY SEEK PERFORMANCE 
REQUIREMENTS 


Specifying the average seek time, total number of 
tracks for a full length seek, and profile characteristics 
will provide the basis for determining a precise head 
velocity profile. Profile characteristics specify the rela- 
tionship between acceleration and deceleration under 
different conditions. The ratio of deceleration time plus 
settling time all divided by the acceleration time pro- 
vides the profile characteristic “R.” The number of 
tracks traveled in “triangular mode” divided by the total 
number of tracks for a full length seek provides the 
profile characteristic “BETA.” These two profile char- 
acteristics may be used along with a modified square 
root law to determine a velocity profile which will result 
in satisfying the specified average seek time. 


As an example, specify as design goals: 
Linear actuator 
1400 TPI for a G2 of 55,860 Tracks/Meter 
1000 total cylinders 
Average access time of 15 ms 
30 gram actuator mass 
R = 1.2 and BETA =0.4 


Time in Milliseconds 


FIGURE 1: Track Seek Profile 


6-179 


servo Applications Note 


REVIEW VELOCITY PROFILES 

The deceleration profile may be reviewed and adjusted 
by modifying the square root law which relates profile 
head velocity to the number of tracks left to travel. 
Step-wise increasing the exponent of tracks to go from 
1/2 (square root starting point) will “soften” the decel- 
eration approach curve. As the curve softens, the 
settling time available decreases. The “R” value may 
be adjusted to match a suitable deceleration curve with 
the required settling time. 


From the profile chosen, the following parameters may 
be determined for our example design: 


Head acceleration of 6,175,115 tracks/sec? 
Peak head velocity of 49,699.5 tracks/sec 
200 deceleration tracks required 


8.05 ms of acceleration, 12.08 ms coasting, and 
9.66ms decelerating full seek 


Full seek time 29.8 ms 


Both the average and full length seek profiles are 
shown in Figure 1. 


SPECIFY MOTOR AND LOAD PARAMETERS 


The motor and load parameters must be estimated and 
specified so that the power required to meet the veloc- 
ity profile chosen may be computed and compared 
against design goals. G1 is preamplifier gain and is not 
dependent upon motor or load parameters. G1 is fixed 
at 6 VOLTS/TRACK when using the SSI 32H6210. 
The motor resistance will introduce both a power loss 
and a voltage drop which must be considered. The two 
motor systems, namely linear and rotary, require differ- 
ent units of specification. 


Linear Motor Specifications 
G2 transport constant in Tracks/Meter 
J mass in KG (kilograms) 
Km motor constant in N/A (newton/amps) 


Rotary Motor Specifications 
G2 transport constant in Tracks/Rad 
J inertia in KG m? (kilograms meter squared) 
Km motor constant in (N * m/A) 
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Optionally, Km may be computed from the head veloc- 
ity profile based on a specified maximum motor current 
IPEAK. The two specifications of IPEAK and Km are 
interrelated. 


For our example, 
IPEAK is 1 Amp and Km is calculated 
Rm = 3.8Q 
Rs = 0.20 


REVIEW MOTOR VOLTAGE, POWER AND Km 


From the motor and load specifications, the required 
peak current needed to satisfy the chosen head veloc- 
ity profile may be calculated. Using the transport 
constant G2, the back EMF of the motor may be 
calculated at peak head velocity and added to the the 
voltage drop across the motor resistance Rm and 
sense resistor Rs. The total voltage required by the 
motor may be compared to the available driver voltage. 
Peak motor power may be computed and compared to 
design goals. If Kmwas calculated from a specification 
of IPEAK, the resulting value of Km may be compared 
against that actually attainable in the motor design. 
Adjustment of Km and IPEAK may be made to both 
satisfy the average seek time specification and general 
design goals. 


For this example: 
Km was calculated to be 3.316 N/A 


Peak drive voltage required is 6.95V including the 
voltage across Rs 


Peak coil input power is 6.75 Watt 
Coil dissipation 3.8 Watt 


SPECIFY POWER AMPLIFIER COMPONENTS 


The power amplifier is shared by both the track follow- 
ing and seek servo controlloops. The determination of 
DC gain for the power amplifier for seek will also 
determine some components shared with the track 
following servo. Referring to the example schematic of 
the SSI 32H6210/6220/6230, RS, RF and the sum 
resistance of RINV1 and RINV2 (RINV) may be deter- 
mined. Choosing RF to be aninitial nominal value such 
as 10,000Q and choosing RS as some small resis- 
tance such as 0.2Q provides good starting points. 
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The DC power amplifier gain for the seek servo is 
calculated from the peak current required to satisfy the 
peak velociyy of the velocity profile and the full scale 
target DAC output voltage. A motor current limit may 
be implemented when using the SSI 32H6230 by 
connecting the CLAMP pin to ERR- through the RINV1 
and RINV2 network as shown on the schematic. The 
limit voltage is programmable by setting the voltage at 
the 6230 VLIM pin. It is necessary to choose the limit 
current higher with tolerance margin above that current 
required to meet the maximum head velocity from the 
velocity profile. 


In the example, 
RINV total should be 5062.50 
RF is specified as 10,000Q 


CHOOSE DIFFERENTIATOR AND VELOCITY 
LOOP GAINS 


The differentiator within the SSI 32H568 or 32H6220 
provides aprogrammable corner frequency determined 
by servo frame rate and the two bit register ND. Having 
determined the maximum head velocity from the veloc- 
ity profile and knowing the transport constant and servo 
frame rate, the maximum output voltage from the 
differentiator may be calculated. 


The output of the differentiator is amplified by the 
velocity amplifier A3 and the programmable gain stage 
set by NVG. The velocity loop gain from the output of 
the differentiator to the feed back summing junction of 
the target DAC must be set so that the peak differen- 
tiator output voltage will result in zero VE voltage 
(relative to VREF) when the target DAC is at its full 
range of 255. Choosing a nominal NVG setting of 10 
and selecting an ND which does not exceed the am- 
plitude limit of the differentiator itself, will result in the 
calculation of the necessary gain in A3. The seek 
velocity feedback may be fine tuned by adjusting the 
gain of NVG as indicated in drive self-calibration. 


For the example, the programmable registers are: 
NVG is 10 decimal 
ND will be 2 for a frame rate of 250 kHz 


Gain of A3 will be 1.96 so that (RV4/RV3) = 1.96; 
If RV4 = 19.6K, then RV3 = 10K 


RV1 and CV1 will not be used in this example 
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GENERATE TARGET PROFILES 


The seek servo velocity loop is closed within the SSI 
32H6220. The implementation of the velocity profile is 
commanded by the supporting microprocessor. The 
microprocessor commands target velocities by writing 
to the target DAC. The necessary DAC values may be 
derived fromthe velocity profile. The acceleration DAC 
value is determined from the peak head velocity in the 
velocity profile. The microprocessor writes the accel- 
eration target velocity to the target DAC and monitors 
track crossings determining when to begin decelera- 
tion. Once the head has moved past the deceleration 
corner, the microprocessor will write the deceleration 
target velocities to the target DAC usually track by track 
thereby following the head velocity down to the transi- 
tion point into track following. The number of table 
entries making up the deceleration table can be found 
from the profile data discussed in the earlier section, 
Review Velocity Profiles. 


A fill table may be generated corresponding to the 
target velocity table. The fill table is usually only afew 
entries long. The fill table values are computed from 
the position error voltage available at FP1 and the step 
in target DAC voltage for the last few deceleration 
velocity targets. The fill value programs the gain of the 
fill amplifier which subtracts from the velocity error a 
portion of the position error signal. This subtraction of 
position error from the velocity error has the effect of 
smoothing the velocity error voltage at VE when the 
head is moving slowly and tends to insure that the head 
will move towards the center of the target track prior to 
switching on track following. 


The 20 element fill value table resulting forthe example 
is shown below in Table 1. ‘t” is the target track. 


Target Track Lineup 


2 


I 
5 
:4 
:3 
°3 
:3 
cae 
ce 
:2 
(2 


TABLE 1 
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The velocity target DAC values for the example are listed below in Table 2, ordered as the number of tracks 


remaining to go, ie: “t-n”: 


t-180 
243 
243 
244 
245 
245 
246 
247 


t-100 t-160 


t-120 


t-140 


TABLE 2 


POWER AMPLIFIER COMPENSATION 


Components RL2 and CL3 set the bandwidth of the 
power amplifier. Specifying motor inductance Lm and 
power amplifier bandwidth BW while having deter- 
mined RF, Rm, and Rs from seek requirements pro- 
vides the means for calculating CL3 and RL2. 


For the example, 
Power amplifier bandwidth is specified as 10 kHz 
Lm is specified as 1 mH 
CL3 is calculated to be 0.005 uF 
RL2 is calcuated to be 47 kQ 


TRACK FOLLOWING GAIN 


Both the track following and seek loops share many of 
the power amplifier gain setting components. Having 
determined RINV, RF and Rs from velocity profile 
requirements, the track following power amplifier gain 
KP is determined entirely by RINP. The track following 
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power amplifer gain KP is interactively set with the 
position loop filter gain KF. An initial KP may be chosen 
as 1 AMP/VOLT and the value of KF may be adjusted 
as needed to stabilize the track following loop. The 
value of RINP may be computed from RF, Rs, and KP. 


Inthe example, 
Specify KP = 1 Amp/Volt 
Calculate RINP = 12.5 kQ 


POSITION LOOP FILTER 


The implemented filter will take the form of a LAG- 
LEAD-LEAD-LAG in ascending frequency breakpoints. 
Due to the double integration in the motor-load me- 
chanics going from acceleration to position, there is an 
initial 180 degree position phase lag which must be 
compensated to prevent instability and oscillation. 
Phase lag introduced by a pole will add additional 
phase lag exceeding 180 degrees while phase lead 
introduced by a zero will reduce phase lag. The 
objective of the position loop filter is to ensure that there 
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Phase (Degrees) 


50 100 200 500 


Frequency (Hz) 


FIGURE 2: Position Loop Filter Bode Plot 


is phase margin at the system unity gain crossover 
frequency while at the same time providing stiffness 
and long term tracking error cancelation. 


The initial position loop filter gain KF may be estimated 
through a specification for DC stiffness. Specifying a 
Stiffness in units of force per track and knowing G1, Km, 
and KP will provide a way to solve for KF. 


DC stiffness per track is calcuated as: 
STIFFNESS = G1 KF KP Km 


Specifying 100 N/TRACK stiffness, KF is determined in 
the example to be 5. 


The lowest frequency LAG time constant is referred to 
as bT2 and is the product CP2(RP3+RP4). This low 
frequency LAG serves effectively as an integrator with 
limited DC gain intended to minimize long termtracking 
error and allowing an increased DC gain improving 
stiffness which otherwise would not be possible due to 
mechanical higher frequency resonances. Time con- 
stant bT2 generally should be made as large as prac- 
tically possible. Choosing a value for CP2 such as 
.47 uF and a pole frequency between 0.1 and 1 HZ will 
provide a good starting point. 


The track following servo is stabilized by providing 
phase margin at the unity gain crossover frequency. 
Phase margin is obtained through the use of the two 
LEAD networks. The first lead breakpoint compen- 
sates for the integrator phase lag and the second lead 
breakpoint provides the required phase margin. Time 
constant T2 made up of RP3 and CP2 provides the 
phase lead needed to bring the phase back towards 
180 degrees of phase lag. Lead time constant aT1 
provides additional phase lead by reducing the phase 
lag less than 180 degrees at the unity gain crossover 
frequency. Choosing the time constant aT1 such that 
its break point frequency is equal to the unity gain 
crossover bandwidth for the system will provide ap- 
proximately 45 degrees of phase margin. Time con- 
stant T2 needs to be chosen to be at least five times 
aT1 thereby minimizing the interactive effects of the 
two leads together. T2 should not be chosen so low in 
frequency as to cancel out the effects of the integrator 
lag and the low frequency gain enhancement. 


Finally, the high frequency pole T1 determined by RP1 
and CP1 provides a high frequency gain limit. The 
breakpoint frequency associated with the time con- 
stant T1 should be placed several times higher thanthe 
breakpoint frequency set by al1. Mechanical reso- 
nances may require further adjustment of the T1 break- 
point frequency. Some systems may require additional 
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POSITION LOOP FILTER (Continued) 


notch filters to minimize high frequency mechanical 
effects. 


Having chosen the break point frequencies, the posi- 
tion filter components may all be computed having 
specified CP2 and KF. 


For the example, the break points were initially speci- 
fied as: 


bT2 frequency = 0.6 Hz 
T2 frequency = 60 Hz 


aT1 frequency = 600 Hz (target system unity gain 
bandwidth) 


T1 frequency = 2000 Hz 


TRACK FOLLOWING SYSTEM RESPONSE 
REVIEW 


Bode plots of the open loop response for the LAG- 
LEAD-LEAD-LAG position loop filter are useful in 
evaluating the break point frequencies chosen. More 
useful is the system open loop Bode plot which pro- 
vides the necessary information needed to properly 
adjust KF to meet the desired system unity gain band- 
width. Adjusting KF will move the overall response 
vertically such that unity gain occurs at the desired 
system bandwidth frequency. The amount of vertical 
movement indicates how KF should change relative to 
its intial current value. The phase margin peak may be 
adjusted horizontally by changing the time constants 
al1 and T2. Moving the peak phase lead to corre- 
spond to the unity gain frequency is desireable. The 
system unity bandwidth indicates the stability of the 
servo system by the amount of phase margin at the 
-unity gain crossover point. Figure 2 shows the open 


loop position filter Bode plot. Notice the peaking of 


phase near the target system unity bandwidth fre- 
quency of 600 Hz. Figure 3 shows the overall open 
loop system Bode plot. 
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After review and adjustment, the final components 
were standardized as: 


RP1 = 8,250Q 
RP2 = 91 kQ 
RP3 = 13 kQ 
RP4 = 680 kQ 
CP1 = 0.0075 pF 
CP2 = 0.47 uF 


Which resulted in actual break points of: 
bT2 frequency = 0.49 Hz 
T2 frequency = 26 Hz 
aT1 frequency = 213 Hz 
T1 frequency = 2572 Hz 


And KF = 7.47 for a DC stiffness of 148 N/Track. The 
resulting phase margin is 51.60 degrees at 630 Hz. 
The gain margin is 25.2 dB at 4800 Hz. 


The closed loop system step response may be ob- 
tained and examined to evaluate the overshoot and 
settlingtime. The integrator time constant bT2 willtend 
to control the settling time or “tail.” The time constants 
aT1 and T2 effect the amount of ringing and overshoot. 
Figure 4 showsthe response of the system to a position 
step. 


For the example, 
Overshoot is 30% 
First zero crossing at 0.4 ms 
Settling within 2 ms 
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FIGURE 3: Overall Position Open Loop Bode Plot 
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FIGURE 4: Position Closed Loop Step Response 
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SERVO CALC SOFTWARE 
HEAD POSITIONING APPLICATIONS TOOL 


DESCRIPTION 


This software is an aid to disk drive head position servo 
design using SSI 32H 6210, 32H6220, 32H569, 
32H6230 servo controller and servo motor driver chips. 
It uses block diagram algebra and transfer function 
analytical techniques to arrive at first order approxima- 
tions for the servo design values and parameters. This 
software offers visual representations of block dia- 
grams, transfer functions, schematics, as well as 
Bode, seek profile and step response plots. Itincludes 
design aids for the design of velocity profiles and tables 
for evaluation of gain and characteristics settings. It 
uses simple menus to choose the design screens for 
power amplifier and position loop filter design and 
design modules for seek profile/loop parameters and 
their components. It also has a user definable polyno- 
mial transfer function for Bode plot and step response 
evaluations. The effects of parameter and component 
changes are specially flagged and quickly displayed. 


SERVO CALC PROGRAM FEATURES 


Mathematical modeling 

Polynomial transfer functions displayed/described 
Block diagrams displayed 

Individual design screens displaying design prog- 
ress 

¢ Stability analysis 

¢ Bode and step response plots 

¢ Mechanical resonance and notch filter effects 

¢ Motor current and power dissipation analysis 


Velocity profile and fill table generation 
Develops design for power amplifier components 
Tabulates and displays design choices in velocity 
loop 
« User-controllable plot and print settings 


MINIMUM SYSTEM REQUIREMENTS TO RUN 
SERVO CALC 


An|BM PC/XT/AT orcompatible computer with at least 
512 Kbof RAM, EGAor EGA-compatible video adapter 
and monitor, one 5 1/4 inch floppy disk drive. A dot 
matrix printer for plots and screen printings is optional. 
Amathco-processor and a hard disk is recommended 
but not required. 


For your copy of the SERVO CALC software and other helpful servo tools, please contact your local 
representative or Silicon Systems, Inc. at (714) 731-7110 ext. 3575. 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 


Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX: (714) 573-6914 
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DESCRIPTION 


The SSI 32M593A is a motor speed control IC 
designed to provide all timing and control functions 
necessary to start, drive, and brake a 3-phase, 4 or 8 
pole brushless DC spindle motor. External Darlington 
power transistors or external power FETs may be used 
by the SSI 32M593A to drive the spindle motor. 


The motor Hall sensors are directly driven and 
decoded by the device. The controller is optimized for 
a 3600 rpm motor using a 2 MHz clock. Motor 
protection features include jammed platter shutdown, 
supply and clock fault detection, all of which are indi- 
cated by a FAULT signal, and coil over-current 
detection and control. A LOCK signal is provided to 
indicate that the motor is at speed. The device’s linear 
control loop controls the power drivers using Pulse 
Amplitude Modulation. 


The SSI 32M593A requires a +12V power supply, and 
is available in 20-pin DIP or SO packages. 


BLOCK DIAGRAM 


= ca 


START 


START 
RETRY 
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FEATURES 


3-phase bipolar or unipolar operation 

4 or 8-pole operation 

3600 rpm speed control using a 2 MHz clock 
Highly accurate speed regulation of +0.037% 
At speed indication provided 

Active braking function 

Output pre-driver for center tap or non-center 
tap windings 


Drives complementary Darlington power 
transistors or complementary power FETs 
Power supply fault protection 

Motor over-current protection 

Multiple retry on jammed spindle 

Single +12 volt power supply 


PIN DIAGRAM 


VREF 


HALLOUT 


HALL1 
HALLOUT 
FMOTOR 


1 
2 
3 
4 

5 
6 
7 
8 
9 


=< 
> 
r 
& 
_ 
o 


20-PIN DIP or SOL 


nS . 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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FUNCTIONAL DESCRIPTION 


The SSI 32M593A uses a mix of analog and digital 
techniques to accomplish speed control. The control 
signal is generated by analog conversion of a digital 
speed error term developed by examining the contents 
of a count-down counter once per motor revolution. 
The sign and magnitude of the remainder controls the 
amplitude of a correction signal applied to the motor. 
Commutation timing, developed from motor generated 
HALL signals, applies the correction in the proper 
phase sequence. 


The device uses a Pulse Amplitude Modulation (PAM) 
scheme rather than Pulse Width Modulation (PWM) to 
avoid the switching transients and torque ripple inher- 
ent in PWM. 


In operation, the SSI 32M593A is installed in a closed 
loop control system that maintains the speed of a 
3-Phase Brushless DC motor. By monitoring the HALL 
signal outputs of the motor, a control voltage is devel- 
oped using both digital and analog techniques. The 
analog portion of the control loop uses switched 
Capacitor techniques to eliminate the need for any 
external passive components required for loop com- 


pensation. An operation description of the circuit 
~ follows. 
CONTROL LOOP 


Referring to the block diagram, the major sections of 
the control loop are a 19-stage Counter, Integral and 
Proportional channels, D/A’s and a Summer. 


The speed error is determined by examining the con- 
tents of the counter once per revolution. The counter 
is preset once per revolution by an INDEX signal 
developed from the HALL1 input, at the same time any 
remainder resulting from a 500 kHz count-down rate is 
loaded into a latch. 


The lower LSB’s of the latch, except for the LSB, are 
used to drive the Proportional D/A while the entire 
contents of the latch are accumulated to control the 
Integral Channel. The MSB’s of the accumulator drive 
the Integral D/A. | 


If the contents of the counter indicate that the speed is 
outside the linear regulation range (+0.037%), this is 
decoded as a “FAST” or “SLOW” condition. Under 
these conditions the Proportional D/A output is driven 
to either end of its range, as appropriate. Under a slow 
condition, a fixed reference voltage is supplied to the 
output drives. 


The Summer then outputs a control voltage (VC) 
consisting of a bias voltage plus or minus the sumofthe 
two D/A outputs. 


The Integral and Proportional channels perform sev- 
eral functions related to the operation of the control 
loop. One function is to control loop stability by main- 
taining the loop zero at 1 Hz. In operation this trans- 
lates to the Integral channel responding to major bias 
point changes while the Proportional channel takes 
care of minor perturbations to the loop. 


COMMUTATION 


The summer output is channeled to the appropriate 
OUTA, B, C output according to the timing shown in 
Figure 1. To reduce switching transients, the outputs 
are slew rate controlled during each transition. 


OUTUPA, B, C outputs cycle between approximately 
VDD in the OFF state and GND in the ON state also 
according to Figure 1. Again, rise and fall times are 
controlled during transitions. 


MOTOR COIL OVER-CURRENT 


Refer to SENSE input description. Sense voltage is 
generated by current through Re shown in the typical 
application. The SENSE input threshold limits the 


maximum coil current. 
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HALL SIGNAL AND FMOTOR TIMING 


HALL3 


F MOTOR 


FORWARD FIRING ORDER ' 


OUTUPB 


OUTUPC 


\ 
REVERSE FIRING ORDER 
’ (ACTIVE BRAKING) 
OUTUPA 


OUTUPB 


OUTUPC 


Pe iP ee | 


MECHANICAL 
360° 


NOTE: Figure shows commutation of a 4-pole device. 8-pole devices apply same firing order twice per revolution. 


FIGURE 1: Commutation Timing Diagram 
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FUNCTIONAL DESCRIPTION (Continued) 


FAULT CONDITIONS 


Four conditions cause an active high on the FAULT 
output pin, also disabling all drivers except as noted : 


(1) 
(2) 
(3) 


OUTX, OUTUPX 


Low power supply - VDD < Vivat 
No FREF clock - FREF < Fmin 


Stalled motor. If the delay from power onset to 
a positive HALL index transition or the time 
interval between successive HALL index transi- 
tions is greater than the specified time, the 
device interprets this delay as a stalled motor, 
reduces the motor current to zero and performs 
three retry cycles. If the motor continues to be 
stalled after three retries, then motor current is 
reduced to zero until such time as one positive 


(4) 


HALL index transition is detected, the START 
pin is toggled, or power or FREF is removed and 
re-applied. After the fourth try, FAULT goes 
high. (See Figure 2.) 


Reverse shutdown speed. During active braking 
(START=0) the HALL sensor’s phasing is 
changed to apply a reverse torque to the motor 
until the motor speed drops below the reverse 
shutdown speed at which time the drivers turn off 
to deny power to the motor and FAULT goes 
high. If UENABLE is high (non-center tapped 
motor) the device will perform passive braking 
after the motor speed drops below the reverse 
shutdown speed by enabling the lower drivers, 
OUTX, to dissipate any remaining coil energy. 
The upper drivers OUTUPX are off. 

(See Figure 3.) 


START ———__— 


900ms 


900ms 


FIGURE 2: Jammed Platter Sequence 
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START ACTIVE BRAKING PASSIVE BRAKING 
OUT : 
OUTUP : FORWARD COMMUTATION REVERSE COMMUTATION ey te 9 (VENABLE = 1) 


FMOTOR F= 3600 rpm 281 rpm < F < 3600 rpm F < 281 rpm 
LOCK 
(ACTIVE LOW) 
FAULT ef 


FIGURE 3: Active Braking Sequence 
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ies DESCRIPTION © 


TYPE DESCRIPTION 


+12V Power Supply 


FREF a The reference clock input used to set motor speed and operate circuit 
blocks. 


START A high level on this pin enables the motor. The START input must be low 
during power-up and should conform to Ts set-up time. Active braking is 
enabled by applying a logic “zero”. During active braking the commutation 
is changed to apply a reverse torque to the motor until the motor velocity 
drops below 281 rpm. 


MODE Mode Control. When tied high (to VDD) selects 8-pole operation where 
HALL1 signal is divided by four to generate an index signal. When left open, 


4-pole operation is selected and HALL1 is divided by two. 


Tying UENABLE to GND forces all upper outputs to their off state and 
disables passive braking. UENABLE must be tied to GND for unipolar 
center-tapped motors. Tied high or floating, UENABLE = 1 and drives 
bipolar motors. 


FAULT FAULT goes active high indicating low VDD, no FREF, a stalled motor, or 
, motor velocity below the reverse shutdown speed. 


UENABLE 


LOCK LOCK goes active low when the motor frequency is within a specified lock 
range. 
FMOTOR FMOTOR frequency indicates the motor speed, nominally 3600 rpm. 


FMOTOR is derived from HALL1. 


Coil Current Sense Input. Senses the coil current and limits the sense 
voltage to the specified threshold by limiting the voltage from the lower 
drivers. (OUTX) 


SENSE 
| HALLOUT Hall Sensor Bias Output. Provides a regulated bias voltage for the hall effect 
: sensors. 


| HALL1, 2,3 Hall Sensor inputs that determine commutation. The TTL open-collector 
type motor outputs drive these inputs, which have internal resistor 
pullups referenced to the HALLOUT bias voltage. 


Upper motor CMOS level outputs that drive either Darlingtons or PFETs. 


Lower Driver Outputs. These three driver outputs drive external Bipolar 
or NFET power transistors to control. the motor current through the current 
setting resistor Re. The motor current is V(sense)/Re. During normal 
operation, the drive voltages are adjusted as necessary to maintain the 
proper motor speed and drive current. 


OUTUPA, B, C 
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ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 
PARAMETER 


| -0.3 to VDD +0.3 


loutA or B, or C = -10 mA 
loutupA, or B, orC = 10 mA 
IHALLOUT = -10 mA 


FREF clock frequency 


me 
TTL Inputs START, FREF, UENABLE 

[Vi inputtowvotage | t600uA | 

[Vin input high votage —{tin<t00uA | (2.0 

MODE Input 

Vil input low voltage ara iF 

: 


< 
Oo 
Oo 
or 


HALLX Input 
Vih input high voltage External pullup current <1.7 mA 3.0 


Input Pullup-Pulldown Resistance 


Internal pullup resistance START, FREF, VENABLE 


Internal pullup resistance HALLX inputs cs aa 
Internal pulldown resistance MODE input b Or sf. ee 


Input capacitance | All inputs 
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ELECTRICAL CHARACTERISTICS (Continued) 


PARAMETER CONDITIONS | MIN 


Vol output low voltage 
Typical external pullup resistor 


Stuck motor, start pulses 
Number of start pulses Ps a 


Reverse shutdown speed START = 0 
LOCK Indication 


Measure at FMOTOR, FREF =| 3594 | 3600 | 3607 


2 MHz, 10.8 < VoD < 13.2 % 


HALL Sensor Interface 


HALLOUT bias voltage 10.8 < VDD < 13.2, 
lload = -5 mA 


10.8 < VDD < 13.2, 
lload = -10 mA 


V 


lload = -5.0 mA 


lload = -100 pA, 
10.8 < VDD < 13.2 


Vol off state lload = 3.4mA, 
5.0 < VDD < 13.2 


V 

V 

OUTUPX lload = 10 mA V 
Voh off state lload = -5 mA 


Voh off state lload = -2 mA, 
5.0 < VDD < Vivdt 
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APPLICATION INFORMATION 


PARAMETER RECOMMENDED |win | wom | Max UNIT 


Power Transistors 


Power Darlington Vbe Typical device: TIP 125, 
TIP 120 


Power FET Vth Typical device: IRFT 001 


Motor Parameters 


The SSI 32M593A MSC is optimized for use with a5 1/4" three-platter Winchester motor. The device will work 
for a range of motors near this nominal motor. Attempts to use a significantly different motor may require 
careful choice of a sense resistor for good spin-up and regulation. 


KD, Damping Factor Range (31.8 x 10% Nt-m/rad/sec nom.) 


Note: MotorFrequency (s)_ KT 
Motor Current (s) Js +KD 


Control Loop Parameters 
The motor control loop consists of counter, logic, and digital-to-analog converters that provide loop time 
constants. The continuous time transfer function of the on-chip control can be modeled as follows: 


H(s) = Ve(s) _ Ki, Kp Where: Ki = Integral Channel Gain 
Fm(s) $s Kp = Proportional Channel Gain 


Vc(s) is the voltage applied to the external sense resistor (Re) by the modulator. By adjusting the value of Re, 
the gain the motor sees can be adjusted as can the starting current. 


Loop Bandwidth Nominal motor, Re= 0.40Q 
Ki/Kp 


es | 
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NOTE: Incases where motor coil voltages are noisy with complex transients, stability can be improved by snubber (filter) circuits 
on each coil. A series RC filter to ground is suggested with the following values: (R = 10Q, C = 4.7pF). 


FIGURE 4:Typical Three-Phase, 4-Pole, Bipolar, 
Non-Center Tapped Motor Using A Power FET Module 
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FIGURE 5:Typical Three-Phase, 8-Pole, Unipolar, 
Center Tapped Motor Using A Power Darlington. UENABLE Must be Tied to GND. 
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PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 


OUTUPB 
OUTUPC 
FAULT 
VDD 
MODE 
UENABLE 
OUTB 
OUTA 
SENSE 
OUTC 


—_— 


LOCK 
HALL3 
FREF 

~ HALLOUT 
HALL1 
FMOTOR 
GND 
START 
OUTUPA 
HALL2 


2 
3 
4 
5 
6 
4 
8 
9 


— 
Oo 


20-Pin DIP or SOL 


ORDERING INFORMATION 


PART DESCRIPTION ORDER NO  PKG.MARK 


SSI 32M593A Three-Phase SOL 32M593A-CL 32M593A-CL 
SSI 32M593A Three-Phase PDIP 32M593A-CP 32M593A-CP 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 
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©1989 Silicon Systems, Inc. 7-12 0790 - rev. 


A TDK Group # Company 


ston sens 


Preliminary Data Data 


DESCRIPTION 


The SSI 32M594 is a motor speed control IC designed 
to provide all timing and control functions necessary to 
start, drive, and brake a 3-phase, 4 or 8 pole brushless 
DC spindle motor. External Darlington power transis- 
tors or external power FETs may be used by the 
SS! 32M594 to drive the spindle motor. 


The motor Hall sensors are directly driven and de- 
coded by the device. The controller is optimized for a 
3600 rpm motor using a 2 MHzclock. Motor protection 
features include jammed platter shutdown, supply and 
clock fault detection, all of which are indicated by a 
FAULT signal, and coil over-current detection and 
control. ALOCK signal is provided to indicate that the 
motor is at speed. The device’s linear control loop 
controls the power drivers using Pulse Amplitude 
Modulation. 


The SSI 32M594 requires a +12V power supply, and is 
available in 20-pin DIP or SO packages. 


SSI 32M594 
Three-Phase Delta 
Motor Speed Controller 


July 1990 


FEATURES 


Supports wide range of DC brushless 3-phase 
motors, including 3 1/2" motors 

4 or 8-pole operation 

3600 rpm speed control using a 2 MHz clock 
Highly accurate speed regulation of +0.037% 
Provides for gain scaling of the motor current 
voltage 

On-chip digital filter 

At speed indication provided 

Active braking function 

Output pre-driver for center tap or non-center 
tap windings 

Drives complementary Darlington power tran- 
sistors or complementary power FETS 

Power supply fault protection 

Motor over-current protection 

Multiple retry on jammed spindle 

Single +12 volt power supply 


BLOCK DIAGRAM 


FREF 


CLKGEN 


START 


MODE 
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FUNCTIONAL DESCRIPTION 


The SSI 32M594 uses a mix of analog and digital 
techniques to accomplish speed control. The control 
signal is generated by analog conversion of a digital 
speed error term developed by examining the contents 
of a count-down counter once per motor revolution. 
The sign and magnitude of the remainder controls the 
amplitude of a correction signal applied to the motor. 
Commutation timing, developed from motor generated 
HALL signals, applies the correction in the proper 
phase sequence. 


The device uses a Pulse Amplitude Modulation (PAM) 
scheme rather than Pulse Width Modulation (PWM) to 
avoid the switching transients and torque ripple inher- 
ent in PWM. 


The SSI 32M594 generates a motor current voltage 
which is related to the motor speed error. This is 
implemented on the IC by digital/analog techniques, 
converting a motor frequency error derived from a 
reference clock and digital counter into a voltage using 
switched capacitor D/A's. The voltage Vc translates 
into a motor current across Re regulating motor speed. 


In operation, the SSI 32M594 is installed in a closed 
loop control system that maintains the speed of a 3- 
Phase Brushless DC motor. By monitoring the HALL 
signal outputs of the motor, a control voltage is devel- 
oped using both digital and analog techniques. The 
analog portion of the control loop uses switched ca- 
pacitor techniques to eliminate the need for any exter- 
nal passive components required for loop compensa- 
tion. An operation description of the circuit follows. 


CONTROL LOOP 


Referring to the block diagram, the major sections of 
the control loop are a 19-stage Counter, Integral and 
Proportional channels, D/A’s and a Summer. 


The speed error is determined by examining the con- 
tents of the counter once per revolution. The counter 
is preset once per revolution by an INDEX signal 
developed from the HALL1 input, at the same time any 
remainder resulting from a 500 KHz count-down rate is 
loaded into a latch. 


7-14 


The lower LSB's of the latch, except for the LSB, are 
used to drive the Proportional D/A while the entire 
contents of the latch are accumulated to control the 
Integral Channel. The MSB’s of the accumulator drive 
the Integral D/A. 


If the contents of the counter indicate that the speed is 
outside the linear regulation range (+0.037%), this is 
decoded as a “FAST” or “SLOW” condition. Under 
these conditions the Proportional D/A output is driven 
to either end of its range, as appropriate. Under a slow 
condition, a fixed reference voltage is supplied to the 
output drives resulting in a start current of Vref/Re. 


When LOCK is low, the control voltage, VDAC, from 
the summer is used to generate the motor running 
current. VDAC is a summation of integral channel 
voltage which cancels out offsets in the loop and motor 
losses, and a proportional channel voltage which tracks 
speed variations from the counter. The two channel 
voltages are then summed and weighted. The control 
voltage applied is externally scaleable by resistors R1 
and R2 at DACOUT and DACIN (see Typical Applica- 
tion diagram) to fit a wide range of motors including 
those used in 3 1/2” drives. Note that Re affects start 
current while R1 and R2 affect running current as 
lrunning = Vpacin/Re. 


The Integral and Proportional channels perform sev- 
eral functions related to the operation of the control 
loop. One function is to control loop stability by main- 
taining the loop zero at 1 Hz. In operation this trans- 
lates to the Integral channel responding to major bias 
point changes while the Proportional channel takes 
care of minor perturbations to the loop. 


COMMUTATION 


The summer output is channeled to the appropriate 
OUTA, B, C output according to the timing shown in 
Figure 1. To reduce switching transients, the outputs 
are slew rate controlled during each transition. 


OUTUPA, B, C outputs cycle between approximately 
VDD in the OFF state and GND in the ON state also 
according to Figure 1. Again, rise and fall times are 
controlled during transitions. 
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HALL SIGNAL TIMING 


OUTUPB 


OUTUPC 


REVERSE FIRING ORDER 
(ACTIVE BRAKING) 
1 


OUTUPA 


OUTUPB 


OUTUPC 


NOTE: Figure shows commutation of a 4-pole device. 8-pole devices apply same firing order twice per revolution. 


FIGURE 1: Commutation Timing Diagram 
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FUNCTIONAL DESCRIPTION (Continued) interval between successive HALL index transi- 
tions is greater than the specified time, the 
MOTOR COIL OVER-CURRENT device interprets this delay as a stalled motor, 


reduces the motor current to zero and performs 
three retry cycles. If the motor continues to be 
stalled after three retries, then motor current is 
reduced to zero until such time as one positive 


Refer to SENSE input description. Sense voltage is 
generated by current through Re shown in the typical 
application. The SENSE input threshold limits the 


MAKIN COW CUNO Nt: HALL index transition is detected, the START 
pin is toggled, or power or FREF is removed and 

FAULT CONDITIONS re-applied. After the fourth try, FAULT goes 

Four conditions cause an active high on the FAULT high. (See Figure 2) 

output pin, also disabling all drivers except as noted: (4) Reverse shutdown speed. During active braking 
(START = 0) the HALL sensor’s phasing is 

(1) Low power supply - VDD < Vivat changed to apply a reverse torque to the motor 

(2) No FREF clock - FREF < Fmin until the motor speed drops below the reverse 


shutdown speed at which time the drivers turn off 
(3) Stalled mer the delay com Habeas onset se to deny power to the motor and FAULT goes 
a positive HALL index transition or the time high. (See Figure 3) 


START“ 
g900ms 


900ms 


ee ee 


FIGURE 2: Jammed Platter Sequence 


START ACTIVE BRAKING PASSIVE BRAKING 
Pee : FORWARD COMMUTATION REVERSE COMMUTATION Pep eae 9 (VENABLE = 1) 


TOCK / 
(ACTIVE LOW) 


FIGURE 3: Active Braking Sequence 


7-16 0790 - rev. 


SSI 32M594 
Three-Phase Delta 
Motor Speed Controller 


PIN DESCRIPTION 


TYPE DESCRIPTION 


ae 4 +12V Power Supply | 
a 


The reference clock input used to set motor speed and operate circuit 


A high level on this pin enables the motor. The START input must be low 
during power-up and should conform to Ts set-up time. Active braking is 
enabled by applying a logic “zero”. During active braking the commutation 
is changed to apply a reverse torque to the motor until the motor velocity 
drops below 281 rpm. 


Mode Control. When tied high (to VDD) selects 8-pole operation where 
HALL1 signal is divided by four to generate an index signal. When left open, 
4-pole operation is selected and HALL1 is divided by two. 


FAULT FAULT goes active high indicating low VDD, no FREF, a stalled motor, or 
motor velocity below the reverse shutdown speed. 


LOCK, open drain active low, goes active low when the motor frequency is 


within a specified lock range. 


Coil Current Sense Input. Senses the coil current and limits the sense 
voltage to the specified threshold by limiting the voltage from the lower 
drivers. (OUTX) 


Hall Sensor Bias Output. Provides a regulated bias voltage for the hall effect 
sensors. 


Hall Sensor inputs that determine commutation. The TTL open-collector 
type motor outputs drive these inputs, which have internal resistor 
pullups referenced to the HALLOUT bias voltage. 


Upper motor CMOS level outputs that drive either Darlingtons or PFETs. 


Lower Driver Outputs. These three driver outputs drive external Bipolar 
or NFET power transistors to control the motor current through the current 
setting resistor Re. During normal operation, the drive voltages are adjusted 
as necessary to maintain the proper motor speed and drive current. 


Reference voltage for motor current. 


Summer Output (VDAC). The summation of integral and proportional 
channel voltages. 


DACIN 
DACOUT 
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ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 
Maximum limits indicate where permanent device damage occurs. Continuous operation at these limits is not 
intended and should be limited to those conditions specified in the DC Operating Characteristics. 


RATING UNIT 


PARAMETER 


°C 
V 


Package Temperature, SO (20 sec. reflow) PHB 
Input, Output pins -0.3 to VDD +0.3 


Inputs and outputs are protected from static charge using built-in ESD and Latchup protection devices. 


ELECTRICAL CHARACTERISTICS (Unless otherwise specified Vivdt <VDD<13.2V.) 


PARAMETER CONDITIONS 


VDD supply voltage po to 
| IDD supply current includes output driver current ed 


PDD power dissipation loutA or B, orC = -10 MA 
loutupA, or B, orC = 10 mA 
IHALLOUT = -10 mA 


FREF clock frequency | | 1.098 


TAambienttemperature | 


TTL Inputs START, FREF 
VIL Input Low Voltage IIL <500 yA te | 


VIH Input High Voltage HH <100 LA 
START Set-up time (Ts) FREF active to START T 


VIL Input Low Voltage 


HALLX Input | 

mae eee 
VIH Input High Voltage External pullup current <1.7 mA 3.0 a 
Input Pullup-Pulldown Resistance 


| Internal pullup resistance START, FREF | 40 | - | 
| Internal pullup resistance HALLX inputs oie) 
Internal pulldown resistance MODE input Pau. 28 ob a | deo. | 


Input Capacitance All inputs 
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ELECTRICAL CHARACTERISTICS (Continued) 


PARAMETER CONDITIONS | MIN | Nom) MAX | UNIT 


SENSE Input 


SENSE voltage threshold if exceeded, driver voltage 0.9 1:0 1.1 V 
is limited ee = 

Input current -100 . +100 | HA 

Open Drain Outputs LOCK, FAULT 


VOL Output Low Voltage OL = 2mA ee 8 05 V 
Typical external pullup resistor | 
FAULT Indication 

| Vivdt, low voltage 7.0 - | 95 V 
Fmin, loss of FREF a 100 Hz 
Stuck motor, start pulses drivers on, drivers off - 0.90 - Sec 


— 
on) 
‘ 
x 
2) 


Number of start pulses : 4 |] - - 
Reverse shutdown speed START = 0 - 281 | - rpm 
LOCK Indication 


Lock range FREF = 2 MHz 3594 | 3600 3607 
Speed error 10.8 < VDD < 13.2 -0.037 +0.037 


HALL Sensor Interface 
HALLOUT bias voltage 


10.8 < VDD < 13.2, 
lload = -5 mA 


10.8 < VDD < 13.2, 
lload = -10 mA 


Slew rate All driver outputs 


OUTX VOH lload = -7.5 mA 
VOH lload = -100 pA, 
10.8 < VDD < 13.2 
VOL off state lload = 3.4mA, 


5.0< VDD < 13.2 
lload = 10 mA 
lload = -5 mA 


lload = -2 mA, 
5.0 < VDD < Vivdt 


OUTUPX 


VOH off state 
VOH off state 
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APPLICATION INFORMATION 7 : | 
[raaneren | recommaroco [wm [vow | wax | uw 


Power Transistors 


Power Darlington Vbe Typical device: TIP 125, 
TIP 120 


Power FET Vth Typical device: IRFT 001 ae 


R1 VDAC 


| running = FGR2 Re 


Where VDAC = Kp « Af + Kies JAf + At 

Kp = Proportional constant = .213 V/rad/sec 
Ki = Integral constant = 1.33 V/rad 

Af = Frequency error 


Motor Parameters 


The SSI 32M594 MSC is optimized for use with a wide range of Winchester motors including 3 1/2” motors. 
Torque Constant Range (KT) of 0.01 to 0.02 Nt - m/A and an Inertia Range (J) from 0.5 to 6.5 x 10“ Nt— m— 

sec *. The choice of R1, R2 and Re will be affected by motor parameters, so some care in their selection 
is recommended. 


Control Loop Parameters 


The motor control loop consists of counter, logic, and digital-to-analog converters that provide loop time 
constants. The continuous time transfer function of the on-chip control can be modeled as follows: 


_ Ve(s) _ Ki 


~ Fm(s) s 


H(s) 


Vc(s) is the voltage applied to the external sense resistor (Re) by the modulator. By adjusting the value of Re, 
the gain the motor sees can be adjusted as can the starting current. 
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Control Loop Parameters (Continued) 


PARAMETER RECOMMENDED | min | NOM | MAX | 
Loop Bandwidth Nominal motor, Re = 0.4Q rf ok |] te 
Kp, Proportional Channel Gain Re ee 


| Start current 


NOTE: Incases where motor coil voltages are noisy with complex transients, stability can be improved by snubber (filter) circuits 
on each coil. A series RC filter to ground is suggested with the following values: (R = 10Q, C = 4.7 pF). 


Typical Three-Phase, 4-Pole, Bipolar, 
Non-Center Tapped Motor using a Power FET Module 
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Typical Three-Phase, 8-Pole, Unipolar, 
Center Tapped Motor using a Power Darlington. UENABLE must be tied to GND. 
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PACKAGE PIN DESIGNATIONS 
(TOP VI EW) for a static sensitive component. 


LOCK OUTUPB 
HALL3 OUTUPC 
FREF FAULT 
HALLOUT VDD 
HALL1 DACIN 
MODE DACOUT 
GND OUTB 
START OUTA 
OUTUPA SENSE 
HALL2 OUTC 


20-Pin PDIP or SOL 


ORDERING INFORMATION 


| PART DESCRIPTION ORDERING NUMBER PACKAGE MARK 


SSI 32M594 Three-Phase Delta Motor Speed Controller 
20-Pin SOL 32M594-CL 32M594-CL 
20-PIN PDIP 32M594-CP 32M594-CP 


Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations 
and are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other 
rights of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. 
Silicon Systems reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to 
verify that the data sheet is current before placing orders. 
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DESCRIPTION 


The SSI 32M595 is a motor speed control IC designed 
to provide alltiming and control functions necessary to 
start, drive and brake a 3-phase, 4, 8 or 12 pole 
brushless DC spindle motor. External Darlington 
power transistors or external power FETs may be used 
by the SSI 32M595 to drive the spindle motor. 


The SSI 32M595 implements a back EMF sensing 
circuit which determines when to advance the 
commutation state of the motor. No external sensors 
are required when using the 32M595. The drive 
controlling microprocessor initially starts the motor 
enabling motor current by asserting the MENABLE pin. 
The microprocessor then generates a stream of 
ADVANCE pulses which initially advances the motor. 
Once the motor has advanced with sufficient speed 
(usually within one revolution) for the back EMF sense 
logic to detect motion, the microprocessor work is 
done. The 32M595 will spin the motor up and regulates 
the speed all without microprocessor involvement. 
(continued) 


BLOCK DIAGRAM 


COIL(A,B,C) 
COILC 
EXTRC 
ADVANCE 
VIN 
UNIPOLAR 

= 

Fpae F: 
vi 

m 

1291 - rev. 


SSI 32M595 
Hall Sensorless 
Motor Speed Controller 


Advance Information 


December 1991 


FEATURES 

¢ Sensorless motor commutation 

¢ 3-phase, 4, 8 or 12 pole bipolar or unipolar 
motor operation 


¢ Compatible with 5 and 12 volt, DELTA/Y/ 
STAR motors 


¢ 3600 rpm precise speed control using 2 MHz 
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clock 


e External two resistor loop compensation 


¢ Drives complementary Darlington power 
transistors or complementary power FETS 


e At speed indicator 


¢ Dynamic braking on command or power loss 


e¢ Motor current limiting 


e Single +5V power supply/low power sleep 


mode 


PIN DIAGRAM 


VBEMF [] 1 OUTCT 
ta RESET [| 2 COILCT 
PROP BRAKE [] 3 OUTUPA 

vec [] 4 COILA 
SYSCLK [] 5 OUTA 
aa INDX/COMMU [] 6 OUTUPB 
ect INDEX_SEL [] 7 COILB 
LOCK [] 8 OUTB 
OUTUP(A,B,C) 
ADVANCE [] 9 OUTUPC 
MENABLE COILC 
OUTIABC) UNIPOLAR OUTC 
GND SENSE 
SENSE 
EXTRC VIN 
PROP INTEGRAL 
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DESCRIPTION (continued) rent to the motor windings. Because the back EMF 
comparison event occurs prior to the time when opti- 
mum commutation should occur, it is preferred to delay 
commutation by a predetermined time after the com- 
parison. The commutation delay is provided by a non- 
retriggerable one-shot circuit wherein the time delay is 
a function of external R and C timing components. The 
one-shot circuit also provides a “noise filter” function 
which holds off retriggering and blanks back EMF 
comparison events for an additional period of time 
(approximately one half the commutation delay) after 
commutation since commutation of the motor windings 
typically results in large transient voltages which could 
falsely indicate “commutation events.” The six com- 
mutation states are given below. 


Motor speed control is accomplished by measuring the 
period of each revolution with a 500 kHz clock signal 
(SYSCLK divided by four). Period resolution is 
therefore 2 microseconds with the desired period being 
8333 counts (16.66 milliseconds, or 3600.144 RPM). 
Motor armature position is determined by monitoring 
the coil voltage of the winding that is not presently being 
driven by the drivers. The back EMF at the coil in 
conjunction with the state of the output drivers, indi- 
cates armature position. The back emf is compared to 
a reference (COILCT) and initiates commutation 
“events” when the appropriate comparison is made. 
Commutation is the sequential switching of drive cur- 


TABLE 1: Commutation States 


| COMMU OUTA OUTB OUTC OUTUPA OUTUPB OUTUPC 
Reset state 0 off on off on off off 
|ADVANCE T 1 off e)i on on off off 
ADVANCE T 0 off off on off on off 
ADVANCE T 1 on off off off on off 
ADVANCE T 0 on off off off off on 
ADVANCE T 1 off on off off off on 


NOTE: For OUT(S), off is approx. 0 volts. For OUTUP(S), off is approximately VBEMF. 


The period counter is loaded with a count of 8333 The outputs PROP and INTEGRAL are connected to 
initially, and the period measurement results in re- VIN with an external resistor network. The resistor 
sidual counts (ideally zero) in the period counter as it values are selected to set the required loop response 
counts down during the index to index time. The based on motor and system requirements. Input pin 
residual count is fed to the proportional DAC (5 bits —_—‘ VIN is the non-inverting input of a linear transconductance 
plus sign). Whenithere is no period errorthe PDAC will § amplifier which uses the lower driver transistor that is 
output 1/2 full scale (2.25/2 volts) from PROP, too presently active per the commutation state as the 
short a period will output a lower voltage, andtoolong powerdriver element. An external resistor is used to 
a period will output a higher voltage, each depending _ sense the current in the drive transistor source (and 
onthe amount of period error. Whenthe residualcount § hence the motor coil current). The voltage across the 
is within +15 counts of zero, the motor status is | sense resistor is amplified by a gain stage (Av = 4) and 
indicated as “in lock.” The lower eight bits of the period fed to the inverting input of the transconductance 
counter are fed to an accumulator which adds the __ output stage. 

present period residue to the previous accumulation . 
thus accomplishing an integrating effect to force the When ADE period SMOREXCERdS: 290 COUN ese SOW, 
speed error to zero over time. The upper six bits of the 2.25 volts is Selected as the cl voltage 1): teu'e! 
accumulator are fed to the integral DAC whose output VIN. Maximum motor current is limited to a value such 
is INTEGRAL. Gross period errors will cause PROP ‘that Imotor < 2.25v /(4 « Rsense). 

and INTEGRAL to saturate at the appropriate extreme 

to achieve the maximum corrective control voltage. 
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A low-power state can be selected if desired. The 
motor should be de-energized either by invoking RE- 
SET or de-asserting MENABLE (either will cause the 
drivers to the motor to “float” and the motor to coast to 
a stop). BRAKE canbe asserted after RESET, andthe 
motor will be actively “braked” to a more rapid stop by 
routing the motors own back EMF to the lower driver 
transistors turning them on. When BRAKE, RESET, 
and MENABLE are low, the analog circuitry is de- 
biased, the clock is disabled, the upper pre-driver 
outputs become logic high (to turn off all upper drivers 
including the center tap if used), and the lower pre- 


SSI 32M595 
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driver outputs become logic high, turning the lower 
drivers on. 


Motor starting is accomplished with a companion mi- 
croprocessor utilizing ADVANCE, MENABLE, RE- 
SET, and COMMU. The microprocessor can assert 
RESET to initialize the commutation counter and then 
increment the counter with ADVANCE. ADVANCE at 
logic high excludes internal commutations. COMMU 
provides feedback to the microprocessor on motor 
activity. The microprocessor must enable the drivers 
with MENABLE and UNIPOLAR bits as required. 


TABLE 2 


OUTUPS 
VBEMF 
VBEMF 
VBEMF 
VBEMF 
VBEMF 
VBEMF 
VBEMF 
ACTIVE 


OUTS 
VBEMF 
VBEMF 

OV 
ACTIVE 
OV 
OV 
OV 
ACTIVE 


KE RESET MENABLE MODE/USE 
SLEEP/LOW POWER 
BRAKE/POWER OFF 
FLOAT/RETRACT 


BR 


> 


ANALOG COUNTERS 
RESET 
RESET 
ACTIVE 
ACTIVE 
RESET 
RESET 
ACTIVE 
ACTIVE 


FLOAT/RETRACT 
FLOAT/RETRACT 
FLOAT/RETRACT 
FLOAT/IDLE | 
RUN 


NOTE: MENABLE effective with VCC and VBEMF present. BRAKE and RESET effective with VBEMF present. 
PIN DESCRIPTION 


Voltage Back EMF. The motor power supply (VBR) through a power diode is 
VBEMF. The sources of the external PFETS are connected to VBEMF as is the 
VBEMF pin of the circuit. During power failure and motor spin down, this voltage 
is used to provide power for head retraction and subsequently, motor braking. 


RESET [inverse] pin. When asserted low, internal counters and registers are 
cleared. Referto Table 2. RESET and BRAKE will control outputs to external FETs 
per Table 2 with only VBEMF present (power off retract and dynamic braking). 


Brake [inverse] pin. BRAKE is used to provide a delay between the initiation of 
Fault-induced head retract and motor braking. Acapacitor to ground and a resistor 
to RESET are selected such that 1.2*°R*C is equal to the maximum time required 
for retract. 


System Clock pin. Reference frequency for motor speed measurement. A 2.000 
MHz SYSCLK will result in 3600 RPM motor speed for 8 pole motors. SYSCLK 
can be set to other frequencies to obtain different rotational speed or operate with 
motors other than 8-pole configuration (use of an external index signal is only valid 
for 8-pole motors). 
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PIN DESCRIPTION (continued) 


TYPE | DESCRIPTION | | | _ 


INDX/COMMU | I/O External Index (input)/Commutation count (output) pin. When selected with 
INDEX_SEL set high, this pin is used to provide a once-per-revolution indication 
? of rotational position and speed to the circuit. With INDEX_SEL low, COMMU (the 

INDX_SEL 
LOCK 


LSB of the commutation counter) is presented as an output. 
Index Select pin. See above. 


Lock pin. When the motor period is within +15 counts of nominal, the motor is 
indicated as “in lock” with LOCK high. 


ADVANCE 


edge of ADVANCE will increment the counter. ADVANCE held high will inhibit 
internal incrementing of the counter, ADVANCE held low permits the normal 
operation of commutation from back EMF events. 


Motor Enable pin. MENABLE asserted high will place the pre-driver outputs into 
active mode per the state of the commutation counter. MENABLE low will de- 
activate pre-driver outputs so that the external driver transistors are all “off,” and 
the motor coils are “floating.” In the “sleep” state (MENABLE=BRAKE=RESET= 
low), upper drivers are off, lower drivers are all on. 


MENABLE 


Unipolar selection. When asserted high, the unipolar mode of operation is 
selected. Upper drivers are de-activated and OUTCT goes low to turn on the 
Center tap driver transistor. 


External R-C pin. A resistor to VCC and a capacitor to ground are connected to 
this pin to provide commutation delay. The commutation delay will be 0.56*R*C. 
After the commutation delay, this timing block provides a noise rejection interval 
to reject transients on the motor coils due to commutation. The noise rejection 
interval is an additional 0.29*R*C. The total time (commutation delay and noise 
rejection interval 0.85*R*C) must be less than a commutation cycle time. 


| EXTRC 


Advance pin. ADVANCE is used to increment the commutationcounter. The rising 


Proportional DAC output pin. The proportional channel output is the lowest 5 bits 
plus sign of the period measuring counter. The LSB signifies a 2 microsecond 
period variation. 


Integral DAC output pin. The integral channel output comes from the upper six bits 
of an eight bit accumulator. The accumulator adds the lower eight bits of the period 
measurement to the previous value obtained from prior period measurements and 
accumulations. 


Control Voltage input pin. The combination of external driver transistor and 
internal predriver circuit form a transconductance amplifier which will set motor 
Current in relation to VIN. In conjunction with the SENSE input and the gain of the 
Sense amplifier, transconductance (Gm) will be Gm = Im/VIN = 1/(Rs*4) 


SENSE , Current monitoring Sense Amplifier (high side) input pin. The external driver FET 


PROP 


INTEGRAL 


fr 
UNIPOLAR | 


= 
Zz 


sources are connected to a current sensing resistor to monitor motor current. The 
Circuit will control the voltage across this resistor (multiplied by the gain of 4 in the 
sense amplifier) to match either VIN (during normal operation) or internal 2.25V 
(during low-speed operation). 
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PIN DESCRIPTION (continued) 


OUTA, OUTB, i Predriver Outputs. These pins provide drive to the gates of the external power 


OUTC N-channel FETS. They are configured as open drain with an internal 10,000 ohm 
pull-up resistor to the VBEMF pin. 


OUTUPA, B, C Predriver Pull-up Outputs. Open drain, internal resistive pull-up (nominal 10K{2) 
to VBEMF for use with external PFETS. 

OUTCT Center Tap predriver. OUTCT drives an external PFET driver which connects the 
motor center tap to the positive power supply for unipolar drive applications. 
OUTCT has the same characteristics as OUTUPA, etc. and is enabled via the 
UNIPOLAR pin. 

COILA, COILB, Back EMF inputs from motor coils. Inputs to be connected to their respective 

COILC, motor coils and center tap for sensing generated back emf voltages. The circuit 


COILCT uses the back EMF voltages to determine rotor position and effect commutation. 
5 volt power pin. 
GND | Ground connection. GND is also the low side input to the current SENSE amplifier 


and care should be taken to see that GND and the low side of the sense resistor 
are at the same potential. 


ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 
Exposure to conditions in excess of the conditions given below may result in permanent damage or affect 
device reliability 


PARAMETER 


Supply Voltage VCC 
VBEMF 


Digital Inputs/ SYSCLK, MENABLE 
Outputs ADVANCE, UNIPOLAR 

INDEX_SEL, INDX/COMMU, 
LOCK 


Analog I/O PROP, INTEGRAL, -0.3 VCC+0.3 
EXTRC, VIN 


Motor Interface COIL(CT,A,B,C) 
UPOUT(A,B,C), OUTCT 


SSI 32M595 
Hall Sensorless 
Motor Speed Controller 


OPERATING CONDITIONS 


Supply voltage 


Supply current 
ICC, sleep mode 
IVBEMF 
IVBEMF, sleep 


Ambient Temp | Ta 
Capacitive Load : Cl 
Digital I/O 
Resistive load Rla 
PROP, INTEGRAL 

| Capacitive load | Cla 
PROP, INTEGRAL | 


PARAMETRIC REQUIREMENTS 
DIGITAL INPUTS 7 


External Index, 
Vil (EXTINDX, SYSCLK, 
EXTERNAL RC PIN (EXTRC) 


PARAMETER | CONDITIONS | 
INDX/COMMU (as input) 
Pulse width 
MENABLE, ADVANCE, 
UNIPOLAR, INDX_SEL) 
TTimingresisior 
Delay time variation | relative to TO 
TO is the commutation delay and is given by the relationship T0= 0.56RC. 


Fmax, SYSCLK ae 
| Twh, Twl, SYSCLK width | 

high or low 
Input Leakage, 
INDX/COMMU 

|_Input Leakage, others naa 
Vih ( inputs above) 
Vil (RESET, BRAKE) | VBEMF> 4.5V 
Vih (RESET, BRAKE) VBEMF> 4.5V 2.0 
Suggested value for C would be 470 to 1000 pF. An external R and C must always be provided such that the 
time constant, TO is greater than 10 microseconds. 
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PROPORTIONAL (PROP), INTEGRAL (INTEGRAL) DAC OUTPUTS 


Output voltage lout<0.10mA 


VCC=5.0v 


DAC Step size 
Output impedance 0.5v<V out<2.0v 
lout=0.10mMA 


Virad/s 
Virad f 


DIGITAL OUTPUTS, LOCK, INDX/COMMU 

Voh lout=-100UA 

Vol lout=2.0mMA 

Tdts, Time delay to INDX_SEL high 

tri-state output to high impedance 
on INDX/COMMU 


Tdoe, Time delay to INDX_SEL low to 


enable as output pin drive state 


OUTUPA, OUTUPB, OUTUPC, OUTCT 


Rout, internal pull-up resistor Output in high state | 5K 
Vout (low) lout <3 mAmp 

VBEMF=13.2 volts 
OUTA, OUTB, OUTC 


Rout, internal pull-up resistor Output in high state 
loute5 mAmg —! 


SENSE 
Vin, SENSE 


Dp a cae cece oN ener ee ett, see ancl | 20 | opr 


Transconductance gain from VIN to motor current (steady-state) will be given by: G= Imotor/VIN =1/RSENSE4 
for rotational speeds greater than 3490 RPM. 
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COILA, COILB, COILC, COILCT 
PARAMETER 


CONDITIONS 


-.3v <Vin<15v 100K 


- 3v<Vin<15v 


SYSCLK=2.000 MHz 


Speed resolution 


APPLICATIONS INFORMATION 
Usage of INDX (External Index input) 
Normal operation is performed with an internal Index 


signal derived from the commutation counter. The 
period of the Index signal is measured and controlled 


by the circuit to result in a rotational rate of 3600 


revolutions per minute. Within the range of 3593.5 to 
3606.5 revolutions per minute the spindle will be "in 
lock." After the motor is started and accelerated to 
speed (LOCK bit high), an external Index signal may be 
selected. Applying external index pulses (at a rate 
within the lock range) and setting INDEX_SEL bit to 
high will start the following sequence. 


The circuit will complete the period measurement ofthe 
latest internal index period and then begin to measure 
the time between the last internal index and the next 
external index pulse. This will most likely be shorter 
than nominal assuming the two events are asynchro- 
nous. Ifthe period measured is not within 3 percent of 
the expected value (16.667 milliseconds), the IDAC 
and PDAC will not be updated with a new correction 
value but will continue to output the previous value. 
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The LOCK output will be set low (indicating out of lock). 
The next period measured will be between the first and 
second external index pulses and will presumably be 
within the lock range so that LOCK will be set high. If 
the period is within + 3 percent of the desired value, the 
IDAC and PDAC will update. Similarly, during opera- 
tion with external index, a missing index pulse would 
look like a gross speed error and no IDAC or PDAC 
update will take place. The microprocessor should 
verify that after the switch-over to external index, the 
circuit goes back to LOCK. If external index is used, it 
should come from a reliable source with low jitter (less 
than 10 microseconds). The circuit must have an index 
pulse in order to measure period, and the "status" of 
LOCK can only be determined with ongoing index 
timing pulses. Complete removal of index will hold the 
last LOCK status and IDAC/PDAC values even though 
the actual speed may be out of the LOCK range. 
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SYSCLK 
(2MHz) 


MICROCONTROLLER 
INTERFACE 


SYSCLK 


INDX/COMMU 


INDX-SEL 


LOCK 


ADVANCE 
MENABLE 
UNIPOLAR 


OUTCT 


COILCT 
OUTUPA 
COILA 
OUTA 


OUTUPB 
COILB 
OUTB 


OUTUPC 
COILC 


OUTC 


SENSE 
VIN 


INTEGRAL 


BY) 


10 KQ 


BIAS (OPTIONAL) 


o VCC 


Typical Bipolar Start/Unipolar Run 32M595 Application 


RsNUB (OPTIONAL) 


49]|140]U04 peeds J0}0/J 
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PACKAGE PIN DESIGNATIONS 


(Top View) 
VBEMF [] 1 OUTCT 
RESET [] 2 COILCT 
BRAKE [| 3 } OUTUPA 
vec [| 4 COILA 
SYSCLK [] 5 OUTA 
INDX/COMMU [] 6 OUTUPB 
INDEX_SEL [| 7 COILB 
LOCK [] 8 OUTB 
ADVANCE [] 9 OUTUPC 
MENABLE COILC 
UNIPOLAR OUTC 
GND SENSE 
EXTRC VIN 
PROP INTEGRAL 


28-pin PDIP or SOL 


i HS. ee 

Yi S69 5 
Se@bss5 5 
>io & > Od O 
= ee ee ee ee ee 
4 1 7 26 


SYSCLK COILA 
INDX/COMMU OUTA 

INDEX_SEL OUTUPB 
LOCK COILB 
ADVANCE OUTB 

MENABLE OUTUPC 
UNIPOLAR COILC 


GND [] 
EXTRC [] 
INTEGRAL [| 
SENSE [| 
OUTC [| 


28-pin PLCC 


Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for 


final design. 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or ttademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 


sheet is current before placing orders. 


Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX: (714) 573-6914 


©1989 Silicon Systems, Inc. 
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Preliminary Data 


DESCRIPTION 


The (Spindle) Motor Speed Control in conjunction with 
several external components, provides starting, ac- 
celerating, and precise rotational speed regulation 
functions. Different circuit versions are provided to 
control 4-, 8-, or 12-pole brushless DC motors without 
the need for Hall sensors. Control is accomplished via 
five pins and operation is monitored via two pins. The 
complete speed regulation control loop is contained in 
the circuit and the companion microprocessor is only 
required during start and to monitor status. 


Motor speed control is accomplished by measuring the 
period of each revolution with a 500 kHz clock signal 
(SYSCLK divided by four). Period resolution is there- 
fore 2 microseconds with the desired period being 
8333 counts (16.66 milliseconds, or 3600.144 RPM). 


INCOM 
ADAPTIVE 


INDX/COMMU 


ADVANCE 
UNIPOLAR 


DIVIDE 


c 
° 
M 
M 
U 
T 
A 
T 
! 
oO 
N 
L 
° 
G 
I 
Cc 


INOXSEL 


|_| SENSE 


CLK 


LOCK [] 


PERIOD COUNTER 
ACCUMULATOR |: 


PDAC [] 
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Motor armature position is determined by monitoring 
the coil voltage of the winding that is not presently being 
driven by the drivers. The back-emf at the coil in 
conjunction with the state of the output drivers, indi- 
cates armature position. The back emf is compared to 
a reference (CT) and initiates commutation when the 

(continued) 


FEATURES 


e Precise speed control 

¢ 1amp peak drivers 

¢ No blocking diode 

¢ Adaptive commutation delay 

¢ Commutation transient suppression 
¢ Convenient Retract / Brake Control 


BLOCK DIAGRAM 


INCOM LOCK 
PDAC INDX/COMMU 
IDAC INDXSEL 

RESET ADVANCE 

BRAKE SYSCLK 

VIN UNIPOLAR 
GND R RAMP 
VM1 VCC 
SENSE1 SENSE4 
VM2 [1 10 VM10 
VM3 [] 11 VM9 
C [] 12 A 
VM4 [] 13 VM8 
VM5 [| 14 VM7 
SENSE2 [] 15 CT 
V BRAKE [| 16 TEST 

OTSD [| 17 SENSE3 

VM6 [] 18 19[] B 


36-Pin SOM 
PIN DIAGRAM 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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TABLE 1: Output Driver States 


PULL om PULL UP 
STATE COMMU UPB 


, (Reset State) 
1 


2 
3 
4 
5 


DESCRIPTION (Continued) 


appropriate comparison is made. Because the back- 
emf comparison event occurs prior to the time when 
optimum commutation should occur, commutation is 
delayed by a predetermined time after the comparison. 
The commutation delay is provided by a circuit which 
measures the interval between comparison events and 
delays commutation by a time equal to 0.43 of the prior 
interval. (The delay is set at 0.43 not 0.50 in order to 
compensate for commutation delays and motor current 
build-up time.) The circuit is adaptive and will provide 
the optimum delay for a wide range of motor speeds. 
Since the commutation of motor coils typically causes 
transients, the circuit also provides a noise blanking 
function which prevents response to back-emf com- 
parison events for a period of time equal to 5/7 of the 
interval (between events) after the comparison event. 
The commutation delay can be externally modified by 
+15% with the INCOM pin. The commutation states are 
shown in Table 1. 


The period counter is loaded with a count of 8333 
initially, and the period measurement results in re- 
sidual counts (ideally zero) in the period counter as it 
counts down during the index to index time. The 
residual count is fed to the proportional DAC (5 bits plus 
sign). When there is no period error the PDAC will 
output 1/2 full scale (2.25/2 volts) from PDAC, too short 
a period will output a lower voltage, and too long a 
period will output a higher voltage, each depending on 
the amount of period error. When the residual count is 
within + 15 counts of zero, the motor status is indicated 
as “in lock.” The lower eight bits of the period counter 
are fed to an accumulator which adds the present 
period residue to the previous accumulation thus ac- 
complishing an integrating effect which forces the 
speed error to zero over time. The upper six bits of the 
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accumulator are fed to the integral DAC whose output 
is IDAC. Gross period errors will cause PDAC and 
IDAC to saturate at the appropriate extremes to 
achieve the maximum corrective control voltage. 


The outputs PDAC and IDAC are connected to VIN 
with an external resistor network. The resistor values 
are selected to set the required loop response based 
on motor and system requirements. Input pin VIN is the 
non-inverting input of a linear transconductance ampli- 
fier which uses the lower driver transistor that is pres- 
ently active per the commutation state as the power 
driver element. An external resistor is used to sense 
the current in the drive transistor source (and hence the 
motor coil current). The voltage across the sense 
resistor is amplified by a gain stage (Av=8) and fed to 
the inverting input of the transconductance output 
stage. 


When the speed error is more than 3% slow, 2.25 volts 
is selected as the control voltage in lieu of VIN. Maxi- 
mum motor current is limited to a value such that Imotor 
< 2.25V/ (4 © RSENSE). 


Four operating conditions are selected via BRAKE and 
RESET. With BRAKE and RESET asserted (low), 
outputs A, B, and C are low impedance to ground, 
(without current limiting function) and analog circuits 
are de-biased. This is the “sleep” condition. It also 
provides dynamic braking to the motor. With BRAKE 
asserted, and RESET de-asserted, drivers are low 
impedance to ground (without current limit function) 
and the analog circuitry is biased. For RESET as- 
serted, BRAKE de-asserted, the output drivers are ina 
high impedance state. This will allow the user to take 
energy from the back-emf of a spinning motor for 
retracting heads. Normal operation is given for BRAKE 
and RESET de-asserted. 
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DESCRIPTION (Continued) 
TABLE 2: Rout Low to SENSE 


Motor starting is accomplished with a companion microprocessor utilizing ADVANCE, RESET and COMMU. The 
microprocessor can assert RESET to initialize the commutation counter and then increment the counter with 
ADVANCE. ADVANCE at logic high excludes internal commutations. COMMU provides feedback to the 
microprocessor on motor activity. 


PIN DESCRIPTION 


RESET 

BRAKE 
SYSCLK 
INDX/COMMU /O 


INDXSEL 


LOCK 


ADVANCE 


DESCRIPTION 


When asserted low, internal counters and registers are cleared. Refer 
to Table 2. 


BRAKE is used to provide a delay between the initiation of Fault-induced 
head retract and motor braking. A capacitor to ground and a resistor to 
RESET are selected such that 1.2*R°C is equal to the maximum time 
required for retract. 


Reference frequency for motor speed measurement. A 2.000 MHz 
SYSCLK will result in 3600 RPM motor speed for 8-pole motors. 
SYSCLK can be set to other frequencies to obtain a different rotational 
speed or operate with motors other than 8-pole configurations (use of 
an external index signal is only valid for 8-pole motors). 


When selected with INDXSEL set high, this pin is used to provide a 
once-per-revolution indication of rotational position and speed to the 
circuit. With INDXSEL low, COMMU (the LSB of the commutation 
counter) is presented as an output. 


See above. 


When the motor period is within +15 counts of nominal, the motor is 
indicated as “in lock" with LOCK high. 


ADVANCE is used to increment the commutation counter. The rising 
edge of ADVANCE will increment the counter. ADVANCE held high will 
inhibit internal incrementing of the counter, ADVANCE held low permits 
the normal operation of commutation from back-emf events. 


VM 1-10 


Motor Power Supply. 
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PIN DESCRIPTION (continued) 


TYPE DESCRIPTION 
tll od Adaptive commutator delay test point 


Proportional DAC output pin. The proportional channel output is the 
lowest 5 bits plus sign of the period measuring counter. The LSB signifies 


a 2 microsecond period variation for SYSCLK = 2.00 MHz. 

Integral DAC output pin. The integral channel output comes from the 
SENSE1 
SENSE2 
SENSE3 


upper six bits of an eight bit accumulator. The accumulator adds the lower 


eight bits of the period measurement to the previous value obtained from 
prior period measurements and accumulations. 


Control Voltage input pin. The internal driver transistors and internal 
predriver circuits form a transconductance amplifier which will set motor 
current in relation to VIN. Inconjunction withthe SENSE input and the gain 
of the sense amplifier, transconductance (Gm) will be: 

Gm = Im/VIN = 1/ (Rs « 8). 


Current monitoring sense amplifier (high side) input pin. The lower driver 
transistor current (hence motor current) is sent through a current sensing 
resistor to monitor motor current. The circuit will control the voltage across 
this resistor (multiplied by the gain of 8 in the sense amplifier) to match 
either VIN (during normal operation) or internal 2.25V (during low-speed 
operation with Av = 4). 


Motor Drive Outputs. These pins provide drive to the motor coils. 


Back-EMF input from motor coil center tap. Input connected to the center 
tap for sensing generated back-emf voltages. The circuit uses the back- 
emf voltages to determie rotor position and effect commutation. 


5V power pin. 


External capacitor to store charge for driver circuitry. The stored charge 
is used by the lower drivers in fault conditions to achieve dynamic braking. 


Ground connection. GND is the low side input to the current SENSE 
amplifier and care should be taken to see that GND and the low side of the 
sense resistor are at the same potential. 


Indicates over temperature condition. 


External resistor. Sets DV/DT for lower driver turn-off. DV/DT is approxi- 
mately 4E 10 * R RAMP. 


UNIPOLAR 


Select line for Unipolar or Bipolar mode. 
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ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 
(Exposure to conditions in excess of the conditions given below may result in permanent damage or affect 


device reliability.) 


PARAMETER RATING 


Supply Voltage VCC -0.3 to 7V 
VM -0.3 to 15V 


Digital Inputs/Outputs SYSCLK, ADVANCE -0.3 to VCC +0.3V 
INDXSEL, INDX/COMMU, 
LOCK 


Analog I/O PDAC, IDAC, VIN -0.3 to VCC +0.3V 
Motor Interface Voltage CT, A, B, C, BRAKE, -0.3 to 20V 
SENSE, RESET 


Motor Interface Current A, B, C, VM, SENSE -1.0 to +1.0A 
Storage Temperature, Tstg -65 to 150°C 
Lead Temperature, Tlead 300°C 


RECOMMENDED OPERATING CONDITIONS 


PARAMETER SYMBOL CONDITIONS 
Supply Votage 
IVM 
a 
| 
la 


Supply Current 1 es ene 
ICC, Sleep Mode | 
IVM, Sleep Mode Dd 


Ambient Temperature 
Capacitive Load 

Digital I/O C 

Resistive Load 

PROP, INTEGRAL 

Capacitive Load 

PROP, INTEGRAL 
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ELECTRICAL SPECIFICATIONS (Continued) 


DIGITAL INPUTS 


| PARAMETER CONDITIONS 


Fmax, SYSCLK 
External Index, INDX/COMMU (as input) 
Pulse Width 


Twh, Twi, SYSCLK width high or low Es eee een 
Input Leakage, INDX/COMMU pe 


UNITS 
Hz — 


oe 
_ M 
Rue 


4.5 

0 
1 
bans! 


V 


UNITS 


Wins i 
ar 
|" | * 
_ 


Input Leakage, others 


Vil (EXTINDX, SYSCLK 
ADVANCE, INDXSEL) 


| Vih (inputs above) 
Vil (RESET, BRAKE) ‘VBRAKE 2 4.5V 
Vih (RESET, BRAKE) VBRAKE 2 4.5V 


PROPORTIONAL (PDAC), INTEGRAL (IDAC) OUTPUTS 
PARAMETER CONDITIONS 


Output Voltage lout < 0.1 mA a 
VCC =5.0 V 
DAC Step Size VCC =5.0V 


Cane 
a 
iad 
ee ae 
ssa Bewed 
| 20 | | 
aie nae 
20 | 


TYP 


2.25V +5% 


Output Impedance 0.5V <V out <2.0V 
lout = 0.10 mA 


Ki, Integral Gain 7 10.48 


DIGITAL OUTPUTS, LOCK, INDX/COMMU 


CONDITIONS 
lout = -100 pA 


[PARAMETER | mn | tye 
aa 
Tdts, Time delay to tri-state INDXSEL high to high 
| output impedance on INDX/COMMU 
Tdoe, Time delay to enable INDXSEL low to drive state 10 
as output pin 


12.75 Virad 


PARAMETER 


UNITS 
V 


V 


Voh 
Vol 


jo) 
& 


100 
100 
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ELECTRICAL SPECIFICATIONS (Continued) 


VIN 
a 


OUTPUTS A, B, C 
Output in high state 
VM = 4.75V 
Routlow Output driving low, 
VM = 4.75V 
SENSE 
Vin, SENSE Normal operation | 00 [| 
Low speed operation | 00 f | 


lin, SENSE 0.0<Vin< 1.0V 


Transconductance gain from VIN to motor current (steady-state) will be given by: 
G = Imotor/VIN = 1/Rsense « 8, for rotational speeds greater than 3490 RPM. 


Testun) —SCSC~id Vea SCdSCOSC*dSN 
Fiesiiiony) Cissy YS 
Pvecsosy Sid ST 


Speed Resolution _ os 
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PACKAGE PIN DESIGNATIONS 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 


(Top View) 

INCOM [] 1 LOCK 
PDAC [] 2 INDX/COMMU 
IDAC INDXSEL 

RESET ADVANCE 

BRAKE SYSCLK 

VIN UNIPOLAR 
GND R RAMP 
VM1 VCC 
SENSE1 SENSE4 
VM2 VM10 
VM3 VM9 
C A 
VM4 VM8 
VM5 VM7 
SENSE2 CT 
V BRAKE TEST 

OTSD [] 17 SENSE3 
VM6 [| 18 19 {| B 

36-Pin SOM 
ORDERING INFORMATION 


PART DESCRIPTION ORDER NO. | PKG.MARK | 


SSI 32M7010, Hall-Sensorless Motor Speed Control 
36-Pin SOM 32M7010-CM - 32M7010 


Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations and 
are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 


Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 
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DESCRIPTION FEATURES 


The (Spindle) Motor Commutator in conjunctionwitha = ¢ Optimum commutation without external 
ang Gecko peice ceed reniicn uncon. . ree 

ating, precise rotatio e ulation functions, 

coasting (for retract), and dynamic brake. The circuit m snetiact Coast and) piake Modes SUppolcd 
can be used with 4-, 8-,or12-pole,3phase,brushless °* 19 FET drivers 

DC motors without the need for Hall sensors. © Commutation without Hall sensors 


The commutator determines motor armature position ° Reduced DV/DT on commutation - no snub- 
by monitoring the coil voltage of the winding that is not ber networks required 

presently being driven by the drivers. The back-emf at © No blocking diode required 

the coil in conjunction with the state of the output 
drivers, indicates armature position. The back emf is 
compared to a reference (CT) and initiates commuta- 
tion when the appropriate comparison is made. 


¢ immune to brown outs and load transients 


(continued) 


ct BLOCK DIAGRAM 


ADAPTIVE 


7 COMMUTATION : 7 
VM INCOM |] 1 ADVANCE 
UNIPOLAR [] 2 COMMU 
A N/C [} 3 N/C 
COMMU [1] ; RESET [| 4 N/C 
M BRAKE REVCLK 
abbas M VIN SYSCLK 
UNIPOLAR [7 ; 
A : GND R RAMP 
EES: oS eee VM1 VCC 
REVCLK Uf aa PIIDE st N at SENSE1 SENSE4 
L 
VM3 VM9 
. Cc C A 
R RAMP VM4 VM8 
VM5 VM7 
SYSCLK eae [] SENSE eres a 
- V BRAKE TEST 
OTSD || 17 SENSE3 
VM6 [| 18 19/]| B 
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V BRAKE 


36-Pin SOM 
PIN DIAGRAM 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 


SSI 32M7011 
Hall-Sensorless 
Motor Speed Commutator 


DESCRIPTION (Continued) The voltage across the sense resistor is amplified by a 
Because the back-emf comparison event occurs prior gain stage (Av=4) and fed to the inverting input of the 
to the time when optimum commutation should occur, | transconductance output stage. Input voltage VIN 
commutation is delayed by a predetermined time after | Must be generated from external means that use either 
the comparison. The commutation delay is provided by REVCLK or other external rotational index indicators to 
a circuit which measures the interval between prior | Measure rotational speed. | 
comparison events and delays commutation by atime — Four operating conditions are selected via BRAKE and 
equal to 0.43 of the prior interval. (The delay is set at RESET. With BRAKE and RESET asserted (low), 
0.43 not 0.50 in order to compensate for commutation outputs A, B, and C are low impedance to ground, 
delays and motor current build-up time.) The circuitis (without current limiting function) and analog circuits 
adaptive and will provide the optimum delay for a wide are de-biased. This is the “sleep” condition. It also 
range of motor speeds. Since the commutation of provides dynamic braking to the motor. With BRAKE 
motor current typically causes transients, the circuit asserted, and RESET de-asserted, drivers are low 
also provides a noise blanking function which prevents impedance to ground (without current limit function) 
response to back-emf comparison events foraperiod and the analog circuitry is biased. For RESET as- 
of time equal to 0.71 of the interval (between events) — serted, BRAKE de-asserted, the output drivers are ina 
after the comparison event. The commutation delay _ high impedance state. This will allow the user to take 
can be externally modified by +15% with the INCOM energy from the back-emf of a spinning motor for 
pin. The commutation states are shown in Table 1. retracting heads. Normal operation is given for BRAKE 
Input pin VIN is the non-inverting input of a linear and RESET de-asserted. 

transconductance amplifier which uses the lower Note that circuit utilizes NMOS driver transistors and 
driver transistor that is presently active perthe commu- _— does not require a Schottky blocking diode to prevent 
tation state as the power driver element. An external current flow from the spinning motor to the power 
resistor is used to sense the current in the drive — supply. During RETRACT conditions, the motor is 
transistor source (and hence the motor coil current). isolated from VM. 


TABLE 1: Output Driver States 


| PULL DOWNS PULL UP 
STATE COMMU A B Cc UPA UPB 


1 


[0 | SLgEPrenaKe [OFF [RESET [Rout ow to SENSE| 
pa fo erract | on | active | oar 
po eu ow acrive ACTIVE 


Motor starting is accomplished with a companion microprocessor utilizing ADVANCE, RESET and COMMU. The 
microprocessor can assert RESET to initialize the commutation counter and then increment the counter with 
ADVANCE. ADVANCE at logic high excludes internal commutations. COMMU provides feedback to the 
microprocessor on motor activity. 
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SS! 32M7011 
Hall-Sensorless 
Motor Speed Commutator 


PIN DESCRIPTION 


[NAME | TYPE | DESCRIPTION 
ae Refer to Table 2. 


BRAKE is used to provide a delay between the initiation of Fault-induced 
head retract and motor braking. A capacitor to ground and a resistor to 
RESET are selected such that 1.2*ReC is equal to the maximum time 
required for retract. 


2.0 MHz clock input signal. 
COMMU is the LSB of the commutation counter. 


Indicates 1 revolution of 4-pole motor, 1/2 revolution of 8-pole, and 1/3 
revolution of 12-pole motor. 


ADVANCE ADVANCE is used to increment the commutation counter. The rising 
edge of ADVANCE will increment the counter. ADVANCE held high will 
inhibit internal incrementing of the counter, ADVANCE held low permits 


the normal commutation due to back-emf events. 


Motor Power Supply. 


Adaptive commutator delay trim. Generally a no-connect. 


Control Voltage input pin. The internal driver transistors and internal 
predriver circuits form a transconductance amplifier which will set motor 
current in relation to VIN. In conjunction with the SENSE input and the 
gain of the sense amplifier, transconductance (Gm) willbe Gm = Im/VIN 
= 1/(Rse4). The voltage at VIN must be controlled by external circuitry 
to accomplish speed control. 


SENSE1 
SENSE2 
SENSE3 
SENSE4 


Current monitoring sense amplifier (high side) input pin. The lower 
driver transistor current (hence motor current) is sent through a current 
sensing resistor to monitor motor current. The circuit will control the 
voltage across this resistor (multiplied by the gain of 4 in the sense 
amplifier) to match VIN. 


A, B, C Motor Drive Outputs. These pins provide drive to the motor coils. 


Back-EMF input from motor coil center tap. Input connected to the 
center tap for sensing generated back-emf voltages. The circuit uses 
the back-emf voltages to determine rotor position and effect commuta- 
tion. 3 equal value resistors from A, B, and C attached to CT will suffice 
to synthesize a center-tap potential on three terminal motors. 4 terminal 
motors should use this terminal. 


5-volt power pin. 
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SSI 32M7011 
Hall-Sensorless 
Motor Speed Commutator 


PIN DESCRIPTION (continued) 


| NAME TYPE DESCRIPTION | 


External capacitor to store charge for driver circuitry. The stored charge 
is used by the lower drivers in fault conditions to achieve dynamic braking. 


Ground connection. GND is the low side input to the current SENSE 
amplifier and care should be taken to see that GND and the low side of the 
sense resistor are at the same potential. 


Indicates over temperature condition and forces drivers off. Operation 
after cool down is restored by asserting ADVANCE. 
External resistor. Sets DV/DT for lower driver turn-off. DV/DT is approxi- 


matel 9 
: 25° os (Volts / Second) 


Select line for Unipolar or Bipolar mode. UNIPOLAR = low will de-activate 
upper drivers. Note: for BRAKE and SLEEP modes user must guarantee 

that external Unipolar driver transistor(s) do not conflict with lower driver 
transistors on circuit. 


No connect, leave open circuited. 


ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 
(Exposure to conditions in excess of the conditions given below may result in permanent damage or affect 
device reliability.) 


SYSCLK, ADVANCE -0.3 VCC +0.3 
COMMU, REVCLK 


VIN, RRAMP, 
INCOM, TEST 


Motor Interface Voltage CT, A, B, C, BRAKE, 
SENSE, RESET 


Lead Temperature, Tlead 
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SSI 32M7011 
Hall-Sensorless 
Motor Speed Commutator 


ELECTRICAL SPECIFICATIONS 
RECOMMENDED OPERATING CONDITIONS 


PARAMETER 


Supply Voltage 


VM 
Supply Current ICC | _ 
ICC, Sleep Mode 
IVM 
IVM, Sleep Mode 
Ambient Temperature Ta 


Capacitive Load 
Digital I/O Cl 


DIGITAL INPUTS 


PARAMETER CONDITIONS 


Fmax, SYSCLK Re ad 
Twh, Twl, SYSCLK width high or low Ld 
Advance Pulse Width 

Input Leakage, others 

Vil (SYSCLK, ADVANCE) 

Vih (inputs above) 

Vil (RESET, BRAKE) VBRAKE > 4.5V 


Vih (RESET, BRAKE) VBRAKE 2 4.5V 


DIGITAL OUTPUTS, COMMU, REVCLK 


PARAMETER CONDITIONS 
Voh 


lout = -100 HA 


Vol lout = 2.0 mA 


VIN 


PARAMETER | CONDITIONS 


Input Voltage 
Input Current 0<Vin< 2. 5V 
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SSI 32M7011 
Hall-Sensorless 
Motor Speed Commutator 


ELECTRICAL SPECIFICATIONS (Continued) 


OUTPUTS A, B, C 


SENSE 


Transconductance gain from VIN to motor current (steady-state) will be given by: 
G = Imotor/VIN = 1/Rsense 4. 


V BRAKE 


VOC = 4.75V 


= 4. 
lbst (float) VCC < 0.5V 
Ipst (brake) VCC < 0.5V | 
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SSI 32M7011 
Hall-Sensorless 
Motor Speed Commutator 


PACKAGE PIN DESIGNATIONS 
(T op Vi ew) for a static sensitive component. 


INCOM ADVANCE 
UNIPOLAR COMMU 
N/C N/C 
RESET N/C 
BRAKE REVCLK 
VIN SYSCLK 
GND R RAMP 
VM1 VCC 
SENSE1 SENSE4 
VM2 VM10 
VM3 VMg9 
C A 
VM4 VM8 
VM5 VM7 
SENSE2 CT 
V BRAKE TEST 
OTSD SENSE3 
VM6 19/] B 


36-Pin SOM 


Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use 
for final design. 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other 
rights of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. 
Silicon Systems reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to 
verify that the data sheet is current before placing orders. 


Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914 
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A TDK Group J Company Combo Controller 


A BP SSI 32C260 
sgn des ss PC AT/XT 15 Mbit/s 


October 1991 


FEATURES ¢ Storage Controller 
* PC AT/XT Bus Interface - NRZ Data rate up to 15 Mbit/s 
polynomial with fast hardware correction 
- Supports ST506/412, ST412HP, ESDI, and circuitry 
SMD disk Interfaces 


Shed - Supports sector level defect 
- Direct bus interface logic with on-chip management 


eam eters - Supports 1:1 interleaved operation 
- Logic for daisy chaining 2 embedded 


controller drives on a PC AT * Microprocessor Interface 

- Supports 15 Mbit/s concurrent disk - Supports both Intel 8051, and Motorola 
transfer on a 12 MHz PC AT without wait 68HC11 family of microprocessors 
States - Interrupt or polled microprocessor 

° Buffer Manager interface 

- Supports Buffer Memory throughput to ° Others 
8 Mbytes/s - Low power CMOS technology 

- Direct Buffer Memory addressing up to - Plug and Play compatible with Cirrus 
64 kB static RAM CL-SH 260 chip 

- Dual port circular buffer control - Available in 84-pin PLCC or 100-pin QFP 

BLOCK DIAGRAM 


5V¥V. BGND LGND HGND 


10CS16 BCLK 
HINT 
A0:2 ined MOE 
a : janager 
AS/HCSI WE 
HCSO A 
oH Host a we DDD, ae : 
DREQ | interface |: — : ae 
BACK = > BD 0:7 
TOR 


» WAM/AMD/SECTOR 


iow 


HRESET < ‘ —| INDEX 
TOCHRDY — Sequencer INPUT/OUTPUT 
HDBO:15 2 ons RG 


pnag pnonannocendeeee Mis REE CRE taeesnn nosnoanne WG 


AD 2 Microprocessor RD/REF CLK 
nterlace 


s - ECC/CRC 
ALE < : & NRZ 
Clock 8 OF: 
Generator 
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SSI 32C260 
PC AT/XT 15 Mbit/s 


Combo Controller 


DESCRIPTION 


The SSI 32C260 is a CMOS VLSI device which inte- 
grates the major portion of the hardware needed to 
build a PC AT/XT driven hard disk controller. The 
32C260 is capable of supporting interleaved data 
transfer rate up to 15 Mbit/s. This chip represent a 
major reduction in part count when used with the SSI 
32P4620, Pulse Detector and Data Separator combo 
chip, andthe SSI 32R4610, Read/Write device and the 
SSI 32H4631, Servo and Motor Speed Controller de- 
vice, implementing a powerful and cost efficient 4-chip 
set hard disk drive solution. It also has the flexibility to 
be used as a stand-alone combo controller. 


The SSI 32C260 includes all the circuitry for a direct 
connection to an AT/XT bus interface, a dual port 
Buffer Manager, a storage controller and an extensive 
hardware support, including 24 mA drivers, for the PC 
AT/XT and other compatible interfaces. 


The SSI 32C260 performs all the controller functions 
for the peripheral device, such as serialization/ 
deserialization, ECC generation and checking on the 
data stream, and CRC generation and checking onthe 
header of the data stream. 


FUNCTIONAL DESCRIPTION 


The major functional elements and data paths of the 
SSI 32C260 are shown in the block diagram. 


The four major functional blocks are: 
Buffer Memory Interface, 
Microcontroller Interface, 
Disk Formatter,and 
Host Interface. 


The SSI 32C260 performs the functions to interface a 
serial data storage device such as a Winchester Disk 
Drive, to a parallel bus interface for data processing on 
a byte wide basis. The functions necessary to accu- 
rately make this conversion are serialization/ 
deserialization, error detection and correction, and 
data path control. The SSI 32C260 also has a general 
purpose interface line to further facilitate control of the 
data storage device or parallel interface. An eight byte 
stack allows data to be saved and reviewed by the 
microprocessor for error handling purposes. The inter- 
nal sequencer performs most of the operations in 
conjunction with the control and status registers. The 
sequencer program is contained in an internal se- 
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quencer RAM, which is easily (re)programmed provid- 
ing almost infinite flexibility in drive format and control 
features. A microprocessor effects both initialization 
and control of the SSI 32C260 by writing to and reading 
from the internal registers, sequencer RAM, stack and 
general purpose |/O circuitry. The microprocessor in- 
terface block of the SSI 32C260 provides the commu- 
nication and control for the SS! 32C260 to the micro- 
processor. For a complete description of the 
programmable registers, refer to the SSI 32C260 
Design Guide. 


BUFFER MEMORY INTERFACE 

The buffer memory interface, referred to as the Buffer 
Manager includes a bi-directional data bus that ex- 
changes data bytes between an external buffer 
memory and the serializer/deserializer or the host 
interface. The circuitry allows the use of static RAM as 
adual port circular FIFO, and supervises data transfers 
to and from the RAM. The device contains logic that 
resolves disk and host requests. The arbitration is 
achieved by giving priority to the disk and utilizing 
internal data FIFO’s for temporary host and disk data 
storage. 


The Buffer Manager is capable of handling buffer sizes 
from 256 bytes to 64K bytes. The circuit provides up to 
16 direct address signals, along with Memory Output 
Enable (MOE) and Write Enable (WE) signals. The 
buffer RAM address is generated from one of two 16- 
bit counters, one of which being the write address 
pointer (5CH & 5DH) and the other the read pointer 
(5AH & 5BH). The address generation as well as the 
memory control signals are synchronous to the Buffer 
Clock (BCLK), allowing the user many choices of buffer 
RAM speeds, with different combinations of the disk 
and host transfer rates. 


The Buffer Memory Interface is a dual port buffer 
controller that allows low speed static RAM’s to be 
configured as a dual port circular FIFO buffer. It gener- 
ates all the buffer memory addressing required and 
manages two ports: Port A, a synchronous peripheral 
device interface and Port B, an asynchronous host 
interface. The Buffer Manager has arbitration logic to 
support the AT or XT host transfers under DMA control 
or Programmed |/O control. 


On-chip counters generate the addresses (BAO-BA15) 
needed to access up to 64K of external static RAM. 
Along with the addresses, the Buffer Manager block 
outputs a Memory Output Enable (MOE) and a Write 
Enable (WE) signal for a static RAM buffer. 
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The address generator contains two 16 bit pointers, the 
read address pointer (RAP) and the write address 
pointer (WAP), which indicate where in the external 
buffer RAM data is to be read or written. During data 
transfers, these pointers are automatically 
incremented as the RAM is accessed. The pointers 
wrap around to 0 when the programmed buffer size is 
exceeded. To prevent host overruns of the buffer 
(Caused by one of the pointers overtaking the other), 
the address generator includes a 16-bit stop pointer 
(5EH & 5FH). The microprocessor loads SP with the 
last address in buffer memory to be accessed during a 
host DMA transfer. When the port B address (RAP 
during an upload to the host or WAP during a download 
to the peripheral) reaches the value in SP, the DMA 
transfer is automatically suspended. 


The period of the Buffer Memory access cycle is 
determined by programming bits 6 and 7 of CLOCK 
CONTROL, register 7FH, and is based on the BCLK 
input. The period of the Buffer Memory access cycle 
determines the access time requirement for the buffer 
RAMs. The C260 samples the data fromthe RAM atthe 
falling edge of the BCLK signal. Buffer Memory 
throughput and the RAM speeds can be determined 
from the following equations: 


Buffer Memory Throughput = 
1 / Period of Memory Access Cycle 


For Buffer Memory Read: 

Max. Read Access Time = T,- Av_. - Dis... 
Min. Output Enable = (T, /2) - Mv,,, - Dis, 
For Buffer Memory Write: 

Address set up to WE T =T, - Av. + Wh_, 


Data set up to WE T = Min. Output Enable 
= (T,/2)-Mv_,. - Dis_, 


Xx 
x 


Note: For an explanation of Av_,, Dis_,, Mv_.., 
Wh,» DOv,,,, Parameters, refer to Buffer 
Memory Read/Write Timing Parameters. 
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SSI 32C260 
PC AT/XT 15 Mbit/s 


Combo Controller 


MICROPROCESSOR INTERFACE 


The microprocessor interface decodes microproces- 
sor read and write requests and provides access to the 
appropriate register or internal memory location. Since 
both data and address information are carried on the 
multiplexed bus lines ADO-AD7, address information is 
latched from the bus on the falling edge of the micro- 
processor signal, Address Latch Enable (ALE). When 
CS is asserted along with either RD or WR, the register 
whose address was previously latched is selected. The 
addresses and names of all the accessible registers 
are shown inthe Register Address Map. The micropro- 
cessor should not read or write the sequencer RAM 
while the sequencer is running, since there is no 
Circuitry to resolve conflicting accesses and incorrect 
sequencer operation will result. 


The status and control registers make status informa- 
tion available to the microprocessor and allow the 
device to be configured for a wide variety of peripheral 
applications. The microprocessor can monitor the sta- 
tus of transfers in progress and control the ECC regis- 
ter operation, the ECC polynomial, the clock genera- 
tion hardware, the sequencer program execution, 
buffer size, read and write pointers, and stop pointers. 
The microprocessor also has access to the 
sequencer’s microprogram RAM so that it loads the 
microcode for all controller operations. 


DISK FORMATTER 

The serializer/deserializer circuit interfaces the parallel 
buffer memory bus to serial NRZ data stream of the 
peripheral device. Byte synchronization is maintained 
with a bit ring, which is an 8-bit recirculating shift 
register clocked by the peripheral bit clock. During a 
sector write, the bit ring is initialized explicitly with a 
sequencer instruction. The bit ring continues to oper- 
ate until the end of the field (ECC written or read). 
During write operations, the sequencer may cause 
address marks and sync patterns to be loaded into the 
serializer instead of data bytes. These special patterns 
are contained in a sequencer instruction and are trans- 
ferred to the serializer over an internal byte wide data 
path. During read operations, bytes of overhead in- 
formation may be routed to the stack or sequencer for 
comparison against target values. This process is 
controlled by the contro! field (SEQCONF) in each 
sequencer instruction. 

The eight byte recirculating stack may be used to 


capture read data for later examination by the micro- 
processor. Data is pushed onto the stack under se- 


SSI 32C260 
PC AT/XT 15 Mbit/s 


Combo Controller 


quencer control. The control bit STACKEN in the 
sequencer instruction field SEQCONF in the se- 
quencer instruction field SEQCONF directly controls 
the stack. If more than 8 bytes are written to the stack, 
only the last 8 will be saved. When a data byte is read 
from the top of the stack by the microprocessor via the 
STACK register, the data is recirculated to the bottom 
of the stack, allowing the stack contents to be exam- 
ined more than once without the use of temporary 
storage in the microprocessor or buffer. 


Serial peripheral data is passed through a variable 
length shift register with programmable exclusive OR 
feedback that performs ECC or CRC generation and 
checking. The feedback taps for the desired polynomi- 
als are fixed as follows and the user may select 
between the 16-bit CRC, 32-bit ECC, orthe 56-bit ECC 
as desired. This selection is accomplished by program- 
ming the WCS COUNT FIELD and the ECC CON- 
TROL register (Register 71H, bit 6). 


In the forward direction, the options available include: 
CRC polynomial which is the CCITT CRC code: 

Xe + x12 4X54 4 

32-bit ECC polynomial: 

x52 4x28 4x26 4x19 4x17 410 4 x8 4x2 44 

56-bit ECC polynomial: 


x x92 $x 4x49 4x41 4x 4 X90 4x76 4x74 4x8 44 


The reverse polynomial options include: 
32-bit ECC polynomial: 


X32 490 4,26 422 4x15 syd 4 x6 4x4 44 


56-bit ECC polynomial: 


XO 448 452 490 4.26 422 4 15 413 4H 4y444 


The 56-bit polynomial can detect single burst errors up 
to 56 bits in length, and double-burst errors, where the 
combination of bursts is less than or equal to 41 bits. 
This polynomial can also correct single-burst errors up 
to 23 bits in length. The 32-bit ECC polynomial is the 
standard polynomial found in IBM PC AT controllers. 


The forward and reverse polynomial is selected by 
programming ECC CONTROL (Register 71H, Bit 7). 
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Whichever polynomial is selected, the ECC/CRC shift 
registers always start preset to all 1s. 


The sequencer controls the time critical operations of 
the SSI 32C260. It executes programs stored in the 28 
word by 32-bit sequencer RAM, and can be pro- 
grammed to support hard and soft sectored read, write, 
search, and verify operations for a wide variety of 
Winchester Disk Drives and other peripherals. The 
sequencer RAM is loaded by writing to the sequencer 
instruction registers as outlined in the Sequencer In- 
structions of this data sheet. Each instruction is com- 
prised of four bytes. Each of the four bytes represents 
a function of the sequencer operation. They are ad- 
dress field, control field, data type field, and data field. 
The organization of these fields is shown in the Regis- 
ter Bit Map in the SSI 32C260 Design Guide. The 
Sequencer Registers provide control from and status 
to the microprocessor and sequencer. They contain 
branch, next, and start addresses, and sequencer 
status information. The SEQUENCER STATUS reg- 
ister provides information on the sequencer state such 
as whether an ECC error occurred, acompare equal or 
low occurred, if the branch condition or address mark 
is active, or whether the sequencer is halted. 


HOST INTERFACE 

The internal receivers and drivers on the host interface 
block allow the device to connect directly to the PC 
Host bus. The drivers are capable of sinking up to 24 
mA and drive a load up to 300 pF. 


The wait state generator extends the Host I/O cycle 
and inserts wait states by asserting IOCHRDY. This 
generator is only active during Programmed 1/O trans- 
fers and works in two ways: 1) inserting programmed 
number of Buffer Memory Cycles for every host access 
of the device, and 2) asserting IOCHRDY only when 
the device is not ready for the transfer. Register 58H, 
Bits 0 and 1, program the wait states cycles and Bit 2 
asserts IOCHRDY whenever the device is not ready for 
transfer. 


The auto decoding circuitry allows the device to speed 
up the performance of the controller by decoding Write 
commands that require data transfer from the Host to 
the Buffer Memory. These commands include Format 
(5XH), Write Buffer (E8H), Write or Write long (3XH). 
The device automatically starts accepting data without 
the local microcontroller control when any of these 
commands are loaded into the COMMAND REGIS- 
TER by the host. If interrupts are enabled, the device 
generates an interrupt to the local microcontroller. The 
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PC STOP POINTER (Registers 5EH and 5FH) is 
initialized to O1FFH. If DISABLE STOP POINTER 
COMPARE (Register 52H, Bit 6) is set, the local 
microcontroller must initialize the PC STOP POINTER 
to enable comparison of the WRITE ADDRESS 
POINTER (Registers 5CH and 5DH) with the HOST 
STOP POINTER. The Formatter disconnects from the 
Buffer Manager on receiving one of these commands. 
It also disables write access by the local 
microcontroller to the DMA CONTROL REGISTER 
(53H) and WRITE ADDRESS POINTERS (5CH and 
5DH). In addition, read/write access to the BUFFER 
MEMORY ACCESS REGISTER. Access to these 
registers is enabled when the local microcontroller 
writes to AUTOCOMMAND “LOCK” RELEASE regis- 
ter (73H). 


PIN DESCRIPTION 
GENERAL 


|NAME 


YPE} DESCRIPTION 


HE 


HOST INTERFACE 


> 
= 
t 


used to qualify Host access. 


registers. 


active. 


lIOCHRDY 


am 


AT DMA mode. 


oO 


EERE: 

2 
OH om 
All of ac 


operation. 


S) 
= 
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HOST CHIP SELECT 0. Active low, this pin selects access to the control, status and data 
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SSI 32C260 
PC AT/XT 15 Mbit/s 


Combo Controller 


The ECC bytes are transferred to and from the host by 
enabling by Bit 1 of the command byte by the host, 
indicating Read and Write Long command. If a Read or 
Write Long command is received, Buffer Memory 
transfers to/from the Host will exceed the PC STOP 
POINTER (Registers 5EH and 5FH) by the count of 
ECC bytes. Initially the PC STOP POINTER is set at 
the end of the Data Field. When the active READ 
ADDRESS POINTER (Registers 5AH and 5BH), or 
WRITE ADDRESS POINTER (Registers 5CH and 
5DH), matches the PC STOP POINTER (Registers 
5EH and 5FH), the internal FIFO will be emptied of the 
word width data, the PC STOP POINTER gets 
incremented by the count of ECC bytes. The ECC 
bytes will then be transferred in Byte Mode. 


BUFFER BUS GROUND 
|LOGICGROUND 
LHOSTGROUND 


HOST ADDRESS LINES. These pins are used to address the internal registers by the AT 
bus. 


HOST ADDRESS LINE 9/ HOST CHIP SELECT 1. AQ, this pin is used in conjunction with 
the A0:2 address lines to address the internal task file registers. HCS1 is an active low pin, 


I/O SELECT 16. An open drain output that indicates that a 16-bit sector buffer transfer is 


HOST INTERRUPT. Asserted to indicate to the Host that the controller needs attention. 
/O CHANNEL READY. Active low, this signal is asserted whenever that internal host 
IFO is not ready to transfer a word. 

DMA REQUEST. This pin is programmed to function as the PC/AT bus signal in the PC/ 


MA ACKNOWLEDGE. Active low, in the PC/AT DMA mode this pin is programmed to 
e the PC/AT channel signal - DACK. 
INPUT READ SELECT. Active low, this pin is asserted by the Host during a Host read 


INPUTWRITESELECT. Active low, asserted by the HOST during a HOST write operation. 
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| NAME [TYPE| | DESCRIPTION 
HOST INTERFACE (Continued) 


oes Ge HOST RESET. This signal resets all commands in progress when active, and initializes 
i control/status registers. 


ani 15:0 HOST DATA BUS. Active high bi-directional pins. These bits are used for data transfers 
between the Host and the Buffer Manager. 
DISK INTERFACE 


INDEX [1 


INPUT/ VO 
OUTPUT 


INDEX. Input for index pulse received from the drive 
INPUT/OUTPUT. A general purpose control and status pin. It can be either an input or 
an output. At power-on, this pin is an input. 
WRITE ADDRESS MARK/ADDRESS MARK DETECT/SECTOR. This pin becomes 
an active low address mark detect if read gate is on, or write address mark if write gate 
is on. It operates in hard or soft sector modes. The default is soft sector. In hard sector 
mode this is the input for the sector pulse. 


| O | READ GATE. During NRZ data read. this pin is asserted. 


WRITE GATE. During NRZ data write, this pin is asserted. 
READ/REFERENCE CLOCK. This pin is used in conjunction with the NRZ pin to clock 
data in and out of the SSI 32C260 device. 


/O | NRZ. This pin is used in conjunction with the RG and WG when reading and writing from 
ang to the disk. 


RESET. Active low input, when pulled low, the internal registers of the SSI 32C260 are 
held at reset. 


ALE oF ADDRESS LATCH ENABLE. This control signal latches the address on the address/data 


lines. 


CHIP SELECT. Active high signal, when asserted, the internal registers of the SSI32C260 | 
can be accessed. 


WRITE. Active low input, when active the data is written to the internal registers. 


READ. Active low input, when active that data is read from the internal registers. 


INT wie INTERRUPT. Push-pull or open-drain signal, when active, indicates local microcontroller 
interrupt. 


BUFFER MANAGER DATA BUS. 7 through 0. Acie ® high, buffer data bus that connects 
directly to the buffer RAM. 


SYSTEM CLOCK. This signal is used to synchronize the buffer RAM access, includingthe 
generation of memory address bits, write enable WE, and memory output enable MOE. 
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ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 


65 10 150 
GND-0.5 to VCC+0.5 


Max Current Injection 
Qja = Thermal Resistance (QFP) 
Oja = Thermal Resistance (PLCC) 


NOTE: Stress above those listed under Absolute Maximum Ratings may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any Conditions above those 
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 


DC CHARACTERISTICS 
|PARAMETER | ~CONDITIONS | MIN 
caer eee! 0.5 
V Input High Voltage a 
vouy* Outpt tow Votage | oLs2ma 
FvoLja)Cutput Low Volape | lols 24ma 
fo 


IH 
VOH Output High Voltage IOH = -400uA 
ICC Supply Current Fe 
ICC Supply Current Standby} All Inputs at GND or VCC Ed 
IL Input Leakage Current 0<VIN<VCC -10 
IN 


CIN InputCapactance | | 
COUT Output Capacitance | 


NOTE: (1) All output pins except for host interface signals 
(2) Host interface outputs 
(*) (OL = 4 mA for RG and WG 
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AC CHARACTERISTICS 


The following timings assume that all non-Host Bus output pins will drive one Schottky TTL load in parallel with 
50 pF, all Host Bus output pins will drive a 300 pF load, and all inputs are at TTL levels. The MIN and MAX timings 
conform to the operating ranges of a power supply voltage of 5V+10%, and an ambient temperature of 0°C to 70°C. 


Host DMA 8/16-Bit Interface Timing Parameters (Figure 1) 


| PARAMETER | ee 


CONDITIONS | 


DREQL DREQ low from DACK low re | 
RDTA TOR low to HD [0:15] valid 


| MIN, | NOM 
Se SS eae 
Rota _ToRioworoasyutsie | __{_o- 20 | ns 
pao} | | ls 
a 
a! 


WDS HD [0:15] setup to |OW high 
WDHLD _ HD [0:15] hold from IOW high 
RWPULSE IOR/IOW pulse width 


HD[0:15] (read) ' 


HD[0:15] (write ' i 
» 


( 


FIGURE 1: Host DMA 8/16-Bit Interface Timing 
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HOST Programmed I/O 8-16-Bit Timing Parameters (Figure 2) 


PARAMETER CONDITIONS 


CS16L HCSO low, A0:2, AQ low, or 
HCS1 high to | IOCS16 low 


IOCHL IOR/OW low to IOCHRDY 
low 


lIOCHTW* ony pulse width 


= [=f 
oe SxBCLK 
a 
Lael 


a 
Seen SN 
ee oe 

wos 0 ssjsna ions [fo | 
ee re ee 
ae oe ai 


ss 
P20 
uae 
oa 
= 


RWPULSE IOR/IOW pulse width 
ADRSET HCGSO0, A0:2, AQ/HCST, 


setup to IOR/IOW low 


ADRHLD ~—HCS0, A0:2, A9/HCS7 hold, 
from TORIOW high 


 —__—_—_—_—_— ‘<i fa» 
a " \ ‘ ' 
t DN ne nS JSS 
tA rt 


FIGURE 2: Host Programmed 8/16-Bit Timing 
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Microcontroller Interface Timing Parameters (Figures 3, 4) 


CONDITIONS | MIN | 


PARAMETER 


ALE Width 
ALEYto WRITE y 
| ALEYto READ y 


Address AD [0:7] 
valid to ALE | 


Ta 
Taw 
Ta 
Tw WR Width 
Tr RD Width 
As 
Ah ALE Jto Address 
AD [0:7] invalid 

Cs 
Ch 

q 

4 —— 

da 


| PO sorWAnocSy fT 


T RD yto Read Data 
AD [0:7] valid 


r 
Ss 
Wdh WR #to Write Data 
AD [0:7] invalid 
Tdh RD*to Read AD [0:7] 
float (undriven) 


W Write Data AD [0:7] : 
valid toWR 4 


' 
' ' 


AD [0:7] IN (4 >< ee ee cee 


FIGURE 3: Register Write Timing 
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FIGURE 4: Register Read Timing 


Disk Read/Write Timing Parameters (Figures 5, 6) 


PARAMETER CONDITIONS 
T RD/REF CLK Period | 
T/2 RD/REF CLK High/Low Time 


Tr=Tf RD/REF CLK Rise and 
Fall time 


a 
en 
mr Le 
or Nreaionomeronce [ae Pf 
i ee! ae eae 
ee 
i Fo 


i AMD valid to RD/REF CLK * 
RD/REF CLK tto NRZ 
Wv* RD/REF CLK Tto WAM 


NOTE: y Indicates falling edge. t Indicates rising edge. 
* These specifications are only applicable in the Soft Sector Mode. 


Ds 

Dh RD/REF CLK Tto NRZ invalid 
As 

Dv 


Dh '! 


FIGURE 5: Disk Read Timing 
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' 
a 
RD/REF CLK / \ _Af 


\ \ 


‘$e a aaa 


t Dv ' { Dv 


' ! ee ee a ' 
NRZ (write) A Non ss 
' 


\ 
' 

WAM ,  W » W ———— 
Meee Oe SA 


NOTE: NRZ DATA changes after the rising edge of RD/REF CLK. 


FIGURE 6: Disk Write Timing 


Register 70H Access Timing Parameters (Figures 7, 8) 


PARAMETER CONDITIONS 
RD yto MOE y 
BD[0:7] valid to AD[0:7] valid 


To Ryo WOE aC 
rtm ADtoaDoniwais | 
[Toh ADterWAnoMOE® | 
Taw ADtorivaiao WEY | 
Teo AD(oIvaigw WOES | 
Tad AD(O7I vai BOIO7Ivais | 
Twn WAtoWER | 

wa eer 


Twdh WR ‘Mo BD[0:7] invalid 


FIGURE 7: Register 70H Read Timing 
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FIGURE 8: Register 70H Write Timing 


Buffer Memory Read/Write Timing Parameters (Figure 9) 


Ts 

V 
Do 
M 


ee 
_———— 
m | 
ae 
Tay BUFCLK'Vto BAOAS|vaid | 
7 
bon BUFCLK'to BOO imaid | 
Pv BUFCLK'MoMOEY | 
Duh BUFCL'WioMOE® | 
ae 

wh BUFCLUK'vioWET | 
oma WOETeBaos)Hod | 
bs aDjo7|valdtoBUFCLY | 
Pon BUFCLK'Sto BDIOTiaid | 
—— 

ey 


TBbr BCLK Tto BUFCLK f 
TBbf BCLK¥to BUFCLK ¥ 


NOTE: VIndicates falling edge. t Indicates rising edge. 


* BUFCLK is an internal signal which indicates the period of Buffer Memory Access Cycle. These 
specifications can be tested when the period of BCLK pin is the same as the period of Buffer Memory Access 
Cycles (i.e., Register 7FH, Bits 6 and 7 are 1 and 0, respectively). If the Buffer Memory Access Cycle period 
is programmed to be a multiple of the period of BCLK pin, BUFCLK above refers to the Buffer Memory Access 
Cycles and the falling edge referred to above would be coinciding with the rising edge of the BCLK pin. 
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TB/2 


' 
l<@—TBbf 
| 


Dov | 


| 
: 
BD [0:7] (buffer write | : | 


J | j . j | 
BD[0:7] (buffer read) ys IN SE Se eS eae eS 

| | | 

| \ 


FIGURE 9: Buffer Memory Read/Write Timing 
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PACKAGE PIN DESIGNATIONS 


(TOP VIEW) 
eeu TP'TSSISBRLERKEK oe 
BD4 re) HDBO Oo, 
~ Pg, BD3 HDB1 4 
®2O dd: BD2 HDB2 |! 
= ‘5 eo HDBS | 
a = = BDO HGND , 
~ , MOE HDB4 
: WE Hops «| & 
“INT Hope | 
Q ! cs HDB7 oO 
@' WR HDBB i= 
= 1 LGND HDB9'§ 
c! RO HDB10 a 
~, «Adz HDB11 | 
Di Ads HGND , Q 
O 1 AD5 HDB12 § 
=! AD4 HoB13 
S AD3 HDB14 
3S , AD2 HDB15 
Oo AD1 HRESET 
=>! ADO Tow ' 
1 ALE +5V 


r 
§ 
§ 
(] 


SSSSSERSSSTYLS TESS SERBIA eee 


INDEX 
RST 
RG 
WG 


WAM/AMD/SECTOR 


RD/REF CLK 


INPUT/OUTPUT 


Disk Interface 


84-pin PLCC 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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PACKAG E PIN DESIG NATIONS (Continued) CAUTION: rate hanaing Procednes accra 
(TOP VIEW) | or a static sensitive component. | 


Host Bus Interface 


_—_—a_ wa we eerie ew Bee re ewe ewe Be Oe Bee el Ul RB hl hlUlUc eR hlUc  ClU FO lClUC Cl OOlOlUlUcrOrOlOUlUchBFOCUch OCUC FT OCUh OCU TCU FTOClUc Or UF OS 


eSTRRRRILARREBR 
100-pin QFP Z229999990909009 


— = 


' BA1 50 TOR ' 
: BA2 49 BACK '! 
BA3 48 DREQ 8 
» BAS 47 TOCHRDY, © 
@! BAS 46 HCSO ' @ 
QO! BAG 45 ASHCST 1 & 
£ : BA7 44 A2 ?)) 
Qi BAB 43 Al iD 
£, Bag 42 |— AO ee 
pr +5V 41 HINT 4 
O' BGND 40 LGND i 
Es BGND 39 LGND 3 
BA10 38 jocsié | 
= BA11 37 BCLK | 
1 BAI2 36 NRZ : 
Py BA13 35 RRCLK ee 
BA14 34 WG ar) 
, BATS 33 RG 1D 
; BD7 32 RST ‘ 
' BD6 31 WAMAMD/SECTOR : 
t 


BSSSHSSaSRERSES 2k SS 8S88 082 0CR B 
= a 4 oa 5 = 
) : es 4 
ee ke eee ioe yess aR ent ae a te i eee t, aaa 
Buffer Memory Interface Microcontroller Interface '‘_ _ a 
Disk 
Interface 


ORDERING INFORMATION 


PART DESCRIPTION ORDER NO. PKG. MARK 


SSI 32C260, PC AT/XT Combo Controller 
84-Pin PLCC 32C260-CH 32C260-CH 
100-Pin QFP 32C260-CG _ 32C260-CG 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 


Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX: (714) 573-6914 


©1990 Silicon Systems, Inc. 8-16 1 
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DESCRIPTION 


The SSI 32C261 is a CMOS VLSI device which inte- 
grates the major portion of the hardware needed to 
build a PC AT/XT driven hard disk controller. The 
32C261 is capable of supporting interleaved data 
transfer rates up to 24 Mbit/s. This chip represents a 
major reduction in part count when used with the SS! 
32P548 Pulse Detector and Data Synchronizer combo 
chip, the SSI 32R4610 Read/Write device, and the SSI 
32H4631 Servo and Motor Speed Controller device, 
implementing a low power and cost efficient 4-chip set 
intelligent drive solution. 


The SSI 32C261 includes a dual port Buffer Manager, 
a storage controller and an extensive hardware sup- 
port, including 24 mA drivers, for the PC AT/XT and 
other compatible interfaces. 


The SSI 32C261 performs all the controller functions 
forthe peripheral device, such as encoding and decod- 
ing; serialization and deserialization; ECC generation 
and checking on the data stream, and CRC generation 
and checking on the header of the data stream. 


BLOCK DIAGRAM 


A9/HCSI : a 1 
Hes 

DREQ aortas 
DACK 
TOR 
iow 


HRESET 
TOCHADY 
HDBO:15 


es waa tra : 
ALE 
RST 
INT 
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Advance Information 


September 1991 
FEATURES 


PC AT/XT Bus Interface 


Single Chip PC AT/XT Controller 
Direct bus interface logic with on-chip 
24 mA drivers 


Logic for daisy chaining 2 embedded 
controller drives on a PC bus in a master/ 
slave configuration 


Supports host data transfer under DMA or 
programmed I/O for both PC XT and PC AT 
modes 


Buffer Manager 


Supports Buffer Memory throughput to 
8 Mbytes/s 

Direct Buffer Memory addressing up to 
64 kB static RAM 


Dual port circular buffer control 
(Continued) 


BGND LGND HGND 


Buffer 
Manager 


—| RD/REF CLK 


pe] NRZ_TEST 


SSI 32C261 | 
PC AT/XT Combo Controller 
With RLL (2, 7) ENDEC 


FEATURES (Continued) e Microprocessor Interface 
¢ Storage Controller - Supports both Intel 8051, and Motorola 
- 2,7 RLL ENDEC for up to 24 Mbits/s NRZ 68HC11 family of microprocessors 
data rate | - Interrupt or polled microprocessor 
- Selectable 16-bit CRC or 56-bit ECC interface 
polynomial with fast hardware correction °¢ Others 
circuitry 


- Internal power down mode 
- Low power CMOS technology 
- Fully software compatible with the Cirrus 


- Supports sector level defect management 
- Supports 1:1 interleaved operation 


- Mates with SSI 32P548, SSI32P5481 or SSI Logic CL-SH260 chip 
32P551 - Pulse Detector and Data - Available in a 100-pin QFP package 
Synchronizer combo for a low power 
laptop disk drive 


PIN DESCRIPTION 
GENERAL 


| NAME |TYPE| DESCRIPTION | 

| 4+5V | =~ | POWERSUPPLYPIN, VCC 
|BGND | | BUFFERBUSGROUND 
}LGND. | | LOGICGROUND, 
LHGND | [| HOSTGROUND 


HOST INTERFACE 


HOST ADDRESS LINES. These pins are used to address the internal registers by the AT 
bus. 


HOST ADDRESS LINE 9/ HOST CHIP SELECT 1. AQ, this pin is used in conjunction with 
the A0:2 address lines to address the internal task file registers. HCS1 is an active low pin, 
used to qualify Host access. 
HOST CHIP SELECT 0. Active low, this pin selects access to the control, status and data 
registers. 


I/O SELECT 16. An open drain output that indicates that a 16-bit sector buffer transfer is 


HOST INTERRUPT. Asserted to indicate to the Host that the controller needs attention. 


D ey lO CHANNEL READY. Active low, this signal is asserted whenever that internal host 


FIFO is not ready to transfer data. 


DMA REQUEST. This pin is programmed to function as the PC/AT bus signal in the PC/ 
AT DMA mode. 


DMA ACKNOWLEDGE. Active low, in the PC/AT DMA mode this pin is programmed to 
be the PC/AT channel signal - DACK. 


INPUT READ SELECT. Active low, this pin is asserted by the Host during a Host read 
operation. 


INPUT WRITE SELECT. Active low, asserted by the HOST during a HOST write 
operation. 
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HOST INTERFACE (Continued) 


-TtyPe] DESCRIPTION 


HRESET HOST RESET. This signal resets all commands in progress when active, and initializes 
the control/status registers. 

HDB 15:0] I/O | HOST DATABUS. Active high bidirectional pins. These bits are used for data transfers 
between the Host and the Buffer Manager. 


AB 


DISK INTERFACE 


INDEX 


INPUT/ 
OUTPUT 


SECTOR/ 


INDEX. Input for index pulse received from the drive. | | 


INPUT/OUTPUT. A general purpose control and status pin. It can be either an input or 
an output. At power-on, this pin is an input. 

SECTOR/ADDRESS MARK DETECT. This pin is used in the hard sector mode as the 
sector input. A pulse on this pin indicates a sector mark is found. RG willbe asserted after 
the sector pulse by the sequencer. 

In the soft sector mode, this pin is normally not used and can be left floating. In the test 
mode, however, this pin can be programmed as the address mark detect signal for testing 
the internal disk to buffer data transfer logic. 
READ GATE. During disk data read, this pin is asserted. Active high. 
WRITE GATE. During disk data write, this pin is asserted. Active high. 


VO 


aes > 
a) = 
‘ } 


RRC READ/REFERENCE CLOCK. This pin is used in conjunction with the SRD, and WD pin 
to clock data in and out of the SSI 32C261 device. 
NRZ_TES NRZ TEST PIN. When configured as an output the data transfers between the buffer RAM 


and the ENDEC can be monitored. When configured as an input (only possible in test 
mode), data can be redirected from it and transferred to either the buffer data bus BD(0:7), 
ortothe WD pin. This pinis used to test the internal ENDEC logic andthe disk datatransfer | 
logic. 
SYNCHRONIZED READ DATA INPUT FROM THE DISK. 

POWER DOWN. When asserted low this pin puts the device in a low power state by 
shutting off the internal BCLK. 

WRITE DATA OUTPUT. 2,7 RLL encoded write data output to the data synchronizer. 
RECOMP. CONTROL OUTPUT. Used to shift write data output pulses later. Low true. 
RECOMP. CONTROL OUTPUT. Used to shift write data output pulses earlier. Low true. 
SYNC DETECT INPUT. A high level on this pin indicates that a sync field (preamble) 
pattern is being detected. This pin is used only in the soft sector mode by this chip to assert 
RG; in the hard sector mode it is ignored and can be left floating. | 

ECC ERROR DETECTED. A low signal on this pin indicates when an ECC error was 
detected while reading a sector of the disk. It is reset when the sequencer program is 
restarted or by a hardware or software reset. 


D 
Lo) 


BI5]5) JZ 

a = 

ca | 
~< z 


P 
P 


MICROPROCESSOR INTERFACE 


| | RESET. Active low input, when pulled low, the internal registers of the SSI 32C261 are 
held at reset. 


ADDRESS LATCH ENABLE. This control signal latches the address on the address/data lines. 


CHIP SELECT. Active high signal, when asserted, the internal registers of the SSI 32C261 
can be accessed. 
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PIN DESCRIPTION (Continued) 
MICROPROCESSOR INTERFACE (Continued) 


BUFFER MANAGER INTERFACE 
BAO:15 


© 


FUNCTIONAL DESCRIPTION 


The major functional elements and data paths of the 
SSI 32C261 are shown in the block diagram. 


The four major functional blocks are: 
Buffer Memory Interface 
Microcontroller Interface 
Disk Formatter 
Host Interface 


The SSI 32C261 performs the functions to interface a 
serial data storage device such as a Winchester Disk 
Drive, to aparallel bus interface for data processing on 
a byte wide basis. The functions necessary to accu- 
rately make this conversion are serialization/ 
deserialization, encoding/decoding, error detection 
and correction, and data path control. The SSI 32C261 
also has a general purpose interface line to further 
facilitate control of the data storage device or parallel 
interface. An eight byte stack allows data to be saved 
and reviewed by the microprocessor for error handling 
purposes. The internal sequencer performs most of the 
operations in conjunction with the control and status 
registers. The sequencer program is contained in an 
internal sequencer RAM, which is easily 
(re)programmed providing almost infinite flexibility in 
drive format and control features. A microprocessor 
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| © | BUFFERMANAGER ADDRESS LINES. Active high, for direct connection to a status RAM. 


B 
BDO:7 =| I/O | BUFFERMANAGER DATA BUS. 7 through 0. Active high, buffer data bus that connects 
directly to the buffer RAM. 


MEMORY OUTPUT ENABLE. Active low select for the buffer RAM 


WE WRITE ENABLE. Active low, write enable for the buffer RAM. 


YSTEM CLOCK. This signal is used to synchronize the buffer RAM access, including the 
eneration of memory address bits, write enable WE, and memory output enable MOE. 


effects both initialization and control of the SSI 32C261 
by writing to and reading from the internal registers, 
sequencer RAM, stack and general purpose I/O cir- 
cuitry. The microprocessor interface block of the SSI 
32C261 provides the communication and control for 
the SSI 32C261 to the microprocessor. For a com- 
plete description of the programmable registers. 
refer to the SS/ 32C261 Design Guide, 

BUFFER MEMORY INTERFACE 

The buffer memory interface, referred to as the Buffer 
Manager, includes a bi-directional data bus that ex- 
changes data bytes between an external buffer 
memory and the serializer/deserializer or the host 
interface. The circuitry allows the use of static RAM as 
a dual port circular FIFO, and supervises data transfers 
to and from the RAM. The device contains logic that 
resolves disk and host requests. The arbitration is 
achieved by giving priority to the disk and utilizing 
internal data FIFOs for temporary host and disk data 
storage. 


The Buffer Manager is capable of handling buffer sizes 
from 256 bytes to 64K bytes. The circuit provides up to 
16 direct address signals, along with Memory Output 
Enable (MOE) and Write Enable (WE) signals. The 
buffer RAM address is generated from one of two 16- 
bit counters, one of which being the write address 
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pointer (5CH & 5DH) and the other the read pointer 
(5AH & 5BH). The address generation as well as the 
memory control signals are synchronous to the Buffer 
Clock (BCLK), allowing the user many choices of buffer 
RAM speeds, with different combinations of the disk 
and host transfer rates. 


The Buffer Memory Interface is a dual port buffer 
controller that allows low speed static RAMs to be 
configured as a dual port circular FIFO buffer. It gener- 
ates all the buffer memory addressing required and 
manages two ports: Port A, a synchronous peripheral 
device interface and Port B, an asynchronous host 
interface. The Buffer Manager has arbitration logic to 
support the AT or XT host transfers under DMA control 
or Programmed 1/O control. 


On-chip counters generate the addresses (BAO-BA15) 
needed to access up to 64K of external static RAM. 
Along with the addresses, the Buffer Manager block 
outputs a Memory Output Enable (MOE) and a Write 
Enable (WE) signal for a static RAM buffer. 


The address generator contains two 16 bit pointers, the 
read address pointer (RAP) and the write address 
pointer (WAP), which indicate where in the external 
buffer RAM data is to be read or written. During data 
transfers, these pointers are automatically 
incremented as the RAM is accessed. The pointers 
wrap around to 0 when the programmed buffer size is 
exceeded. To prevent host overruns of the buffer 
(caused by one of the pointers overtaking the other), 
the address generator includes a 16-bit stop pointer 
(SEH & 5FH). The microprocessor loads SO with the 
last address in buffer memory to be accessed during a 
host DMA transfer. When the port B address (RAP 
during an upload to the host or WAP during a download 
to the peripheral) reaches the value in SP, the DMA 
transfer is automatically suspended. 


The period of the Buffer Memory access cycle is 
determined by programming bits 6 and 7 of CLOCK 
CONTROL, register 7FH, and is based on the BCLK 
input. The period of the Buffer Memory access cycle 
determines the access time requirement for the buffer 
RAMs. The 32C261 samples the data fromthe RAM at 
the falling edge of the BCLK signal. Buffer Memory 
throughput and the RAM speeds can be determined 
from the following equations: 


Buffer Memory Throughput = 
1 / Period of Memory Access Cycle 
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For Buffer Memory Read: 
Max. Read Access Time = T, - Av_., - Dis.,, 
Min. Output Enable = (T, /2) - Mv, - Dis, 


x 


For Buffer Memory Write: 
Address set up to WE T =T, - Av... +Wh_. 


Data set up to WE T = Min. Output Enable 
= (T,/2)-Mv_,_ - Dis, 


Note: For an explanation of Av Dis_,, Mv 


max? min? max? 
Wh... DOv,,,, Parameters, refer to Buffer 


Memory Read/Write Timing Parameters. 


MICROPROCESSOR INTERFACE 


The microprocessor interface decodes microproces- 
sor read and write requests and provides access to the 
appropriate register or internal memory location. Since 
both data and address information are carried on the 
multiplexed bus lines ADO-AD7, address information is 
latched fromthe bus on the falling edge of the micropro- 
cessor signal, Address Latch Enable (ALE). When CS 
is asserted along with either RD or WR, the register 
whose address was previously latched is selected. The 
addresses and names of all the accessible registers 
are shown in the Register Address Map (See SSI 
32C261 Design Guide). The microprocessor should 
not read or write the sequencer RAM while the se- 
quencer is running, since there is no circuitry to resolve 
conflicting accesses and incorrect sequencer opera- 
tion will result. 


The status and control registers make status informa- 
tion available to the microprocessor and allow the 
device to be configured for a wide variety of peripheral 
applications. The microprocessor can monitor the sta- 
tus of transfers in progress and control the ECC regis- 
ter operation, the ECC polynomial, the clock genera- 
tion hardware, the sequencer program execution, 
buffer size, read and write pointers, and stop pointers. 
The microprocessor also has access to the 
sequencer’s microprogram RAM so that it loads the 
microcode for all controller operations. 
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DISK FORMATTER 


The serializer/deserializer circuit interfaces the parallel 
buffer memory bus to serial NRZ data stream of the 
peripheral device. Byte synchronism is maintained 
with a bit ring, which is an 8-bit recirculating shift 
register clocked by the peripheral bit clock. During a 
sector write, the bit ring is initialized explicitly with a 
sequencer instruction. The bit ring continues to oper- 
ate until the end of the field (ECC written or read). 
During write operations, the sequencer may cause 
address marks and sync patterns to be loaded into the 
serializer instead of data bytes. These special patterns 
are contained in a sequencer instruction and are trans- 
ferred to the serializer over an internal byte wide data 
path. During read operations, bytes of overhead infor- 
mation may be routed to the stack or sequencer for 
comparison against target values. This process is 
controlled by the control field (SEQCONF) in each 
sequencer instruction. 


The eight byte recirculating stack may be used to 
capture read data for later examination by the micro- 
processor. Data is pushed onto the stack under 
sequencer control. The control bit STACKEN in the 
sequencer instruction field SEQCONF in the se- 
quencer instruction field SEQCONF directly controls 
the stack. If more than 8 bytes are written to the stack, 
only the last 8 will be saved. When a data byte is read 
from the top of the stack by the microprocessor via the 
STACK register, the data is recirculated to the bottom 
of the stack, allowing the stack contents to be exam- 
ined more than once without the use of temporary 
storage in the microprocessor or buffer. 


Serial peripheral data is passed through a variable 
length shift register with programmable exclusive OR 
feedback that performs ECC or CRC generation and 
checking. The feedback taps for the desired polynomi- 
als are fixed as follows and the user may select 
between the 16-bit CRC, 32-bit ECC, orthe 56-bit ECC 
as desired. This selection is accomplished by program- 
ming the WCS COUNT FIELD and the ECC CON- 
TROL register (Register 71H, bit 6). 


In the forward direction, the options available include: 
CRC polynomial which is the CCITT CRC code: 

x6 4 x12 4x54 4 

32-bit ECC polynomial: 


x? x78 4x76 4x19 4x17 4x10 + x8 +x? +1 
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56-bit ECC polynomial: 


x56 4.52 4.50 443 py 4t 434 4 90 426 124 4y8 44 


The reverse polynomial options include: 
32-bit ECC polynomial: 


X22 4x90 4x76 422 4x15 4x13 4 x® 4x4 44 


56-bit ECC polynomial: 


x5 4x48 4x92 4x9 4x76 472 + x19 4x19 4x8 4x441 


The 56-bit polynomial can detect single burst errors up 
to 56 bits in length, and double-burst errors, where the 
combination of bursts is less than or equal to 41 bits. 
This polynomial can also correct single-burst errors up 
to 23 bits in length. The 32-bit ECC polynomial is the 
standard polynomial found in IBM PC AT controllers. 


The forward and reverse polynomial is selected by 
programming ECC CONTROL (Register 71H, Bit 7). 
Whichever polynomial is selected, the ECC/CRC shift 
registers always start preset to all 1s. 


The sequencer controls the time critical operations of 
the SSI 32C261. It executes programs stored in the 28 
word by 32-bit sequencer RAM, and can be pro- 
grammedto support hard and soft sectored read, write, 
search, and verify operations for a wide variety of 
Winchester disk drives and other peripherals. The 
sequencer RAM is loaded by writing to the sequencer 
instruction registers as outlined in the Sequencer In- 
structions of this data sheet. Each instruction is com- 
prised of four bytes. Each of the four bytes represents 
a function of the sequencer operation. They are ad- 
dress field, control field, data type field, and data field. 
The organization of these fields is shown in the Regis- 
ter Bit Map in the SSI 32C260 Design Guide. The 
Sequencer Registers provide control from and status 
to the microprocessor and sequencer. They contain 
branch, next, and start addresses, and sequencer 
status information. The SEQUENCER STATUS regis- 
ter provides information on the sequencer state such 
as whether an ECC error occurred, a compare equal or 
low occurred, if the branch condition or address mark 
is active, or whether the sequencer is halted. 
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HOST INTERFACE 


The internal receivers and drivers on the host interface 
block allow the device to connect directly to the PC 
Host bus. The drivers are capable of sinking up to 24 
mA and drive a load up to 300 pF. 


The wait state generator extends the Host !/O cycle and 
inserts wait states by asserting IOCHRDY. This gen- 
erator is only active during Programmed I/O transfers 
and works in two ways: 1) inserting programmed 
number of Buffer Memory Cycles for every host access 
of the device, and 2) asserting |OCHRDY only when the 
device is not ready for the transfer. Register 58H, Bits 0 
and 1, program the wait states cycles and Bit 2 asserts 
IOCHRDY whenever the device is not ready for transfer. 


The auto decoding circuitry allows the device to speed 
up the performance of the controller by decoding Write 
commands that require data transfer from the Host to 
the Buffer Memory. These commands include Format 
(5XH), Write Buffer (E8H), Write or Write long (3XH). 
The device automatically starts accepting data without 
the local microcontroller control when any of these 
commands are loaded into the COMMAND REGIS- 
TER by the host. If interrupts are enabled, the device 
generates an interrupt to the local microcontroller. The 
PC STOP POINTER (Registers 5EH and 5FH) is 
initialized to 01FFH. If DISABLE STOP POINTER 
COMPARE (Register 52H, Bit 6) is set, the local 
microcontroller must initialize the PC STOP POINTER 
to enable comparison of the WRITE ADDRESS 
POINTER (Registers 5CH and 5DH) with the HOST 
STOP POINTER. The Formatter disconnects from the 
Buffer Manager on receiving one of these commands. 
It also disables write access by the local 
microcontroller to the DMA CONTROL REGISTER 
(53H) and WRITE ADDRESS POINTERS (5CH and 
5D). In addition, read/write access to the BUFFER 
MEMORY ACCESS REGISTER. Access to these reg- 
isters is enabled when the local microcontroller writes 
to AUTOCOMMAND “LOCK” RELEASE register 
(73H). 


The ECC bytes are transferred to and from the host by 
enabling Bit 1 of the command byte by the host, 
indicating Read and Write Long command. If a Read or 
Write Long command is received, Buffer Memory 
transfers to/from the Host will exceed the PC STOP 
POINTER (Registers 5EH and 5FH) by the count of 
ECC bytes. Initially the PC STOP POINTER is set at 
the end of the Data Field. When the active READ 
ADDRESS POINTER (Registers 5AH and 5BH), or 
WRITE ADDRESS POINTER (Registers 5CH and 
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5DH), matches the PC STOP POINTER (Registers 
5EH and 5FH), the internal FIFO will be emptied of the 
word width data, the PC STOP POINTER gets 
incremented by the count of ECC bytes. The ECC 
bytes will then be transferred in Byte Mode. 


ENDEC 


The chip includes a 2,7 RLL ENDEC circuitry. The 
ENDEC is used to convert the data between the NRZ 
format and the 2,7 RLL coded format. In the case of 
data encoding, the serial NRZ data generated by the 
SERDES (serializer/deserializer) is converted to the 
2,7 RLL coded data when the WG (write gate) is 
asserted. The data appears on the WDO (write data) 
pin and is synchronized at the RRCLK edges. In the 
case of data decoding, the encoded data received from 
the SRD (synchronized read data) is converted back to 
the NRZ data format and fed to the SERDES Circuitry. 
The 2,7 RLL coding rules are given below: 


NRZ Data 2,7 RLL Code 
First Last ‘First Last 
Bit Bit Bit Bit 
1 1 - - 1000- - - - 
10 - - 0100 - - - - 
011 =- 001000 - - 
000 - 000100 - - 
010 =- 100100 =- 
001 1 00001 0 0 0 
0 0 1 0 001001 0 0 


ENCODING OPERATION 


Inthe encoding operation the ENDEC circuitry converts 
NRZ data from the SERDES into 2,7 RLL formatted data 
for storage onto the disk. The circuit can operate with a 
soft or hard sectored disk drive. Inthe Soft Sector Mode 
(Bit 7 of the formatter mode selection register, reg- 
ister 77H, is 0), the device generates a 3T (100) pre- 
amble field and can insert a N7V Address mark. The 
N7V Address Mark is a valid 2,7 RLL pattern which is not 
contained in the code set. In the Hard Sector Mode 
(register 77H bit 7 = 1), the device generates a 4T (1000) 
preamble field and no address mark. 


Soft Sector Mode 


In the soft sector mode, when WG (write gate) transi- 
tions high and the serial NRZ data remains low, the 
device automatically generates the 3T (100) preamble 
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ENCODING OPERATION (Continued) 


field at the WD (write data) output pin. The 3T pre- 
amble field will continue to be generated until the first 
low to high transition on the serial NRZ data stream 
coming from the SERDES. In order to generate the 
proper address mark, the first two non-zero NRZ bytes 
have to be 5EAX,,, where X is an arbitrary hex digit. For 
this data pattern the first low to high transition on the 
serial NRZ data stream happens at the second bit 
position of 5 (0101). The device then automatically 
changes the ‘1’ in the eleventh position of the 2,7 RLL 
encoded sequence to a ‘0’. This generates a pattern of 
8091, or seven 0’s followed by two 0’s. This unique 
pattern satisfies the 2,7 RLL constraints, but will never 
occur during a normal encoding sequence. After the 
address mark is encoded, the address mark generator 
is disabled and any further 5EAX pattern is encoded as 
normal data until the next assertion of WG. 


Hard Sector Mode 


In the hard sector mode, when WG output goes high 
and the serial NRZ data stream from the SERDES 
remains low, the device automatically generates the 
4T (1000) preamble field at the WDO output. The 4T 
preamble field willbe generated between the time WG 
is asserted and the first low to high transition on the 
NRZ serial data stream. Note that in the hard sector 
mode, the NRZ data is inverted before the encoder. 
This is because the leading 00 NRZ data pattern can 
generate the 4T preamble according to the coding 
rules after being inverted into 11. 


DECODING OPERATION 


Inthe decoding operation, the device converts 2, 7 RLL 
encoded data received from SRD pinto the NRZ format 
and feeds the data to the serdes circuitry. 


Soft Sector Mode 


In this mode, the device uses an external preamble 
detect signal to initiate the read sequence. If the device 
is mated with the SSI 32P548, the SDO output of that 
device is used. This signal is asserted when the 3T 
(100) preamble pattern is found. This chip provides an 
SDI input pin to be connected to the SDO output of the 
SSI 32P548 device. 


When the disk sequencer program asserts read gate 
by executing an instruction with the bit 6 (set read gate) 
of the control field set, the RG output will not immedi- 
ately be set. The RG remains low until two bytes after 
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the SDI is asserted indicating the preamble field is 
found. After the RG is asserted then the chip waits for 
the SDI to go low and then checks the SRD pin for an 
address mark of 8091 coded data pattern. Note that 
since each address mark should be preceded by 
approximately 12 bytes of zeros, RG will not be as- 
serted unless two bytes of zeroes are read (SDI re- 
mains asserted for two byte times); and address mark 
is only checked when SDI continues to be high for at 
least 6 more byte times after RG is asserted. 


If SDI is asserted for less than 6 byte times after RG is 
asserted, or if an invalid address mark pattern is found 
(pattern not equal to 8091 hex), then the RG output is 
dropped, the device waits for the SDI to rise and the 
sequence repeats itself until the correct address mark 
is found. 


If the correct address mark (8091 hex) is found after 
SDI being asserted at least 6 byte times after the RG 
assertion, then aninternal Address Mark Detect (AMD) 
signal is asserted and enables the byte synchronizer 
Circuitry (register 7CH). The byte sync circuitry detects 
the matching of the address mark with the contents of 
the register 7CH, and sets up alignment on the byte 
boundary. 


The flowchart of soft sector ready process is shown on 
the next page. 


Hard Sector Mode 


In this mode the device utilizes a 4T (1000) preamble 
field and disregards the SDI input and disables the 
Address Mark detection circuitry. The sequencer pro- 
gram should be set up to wait and branch on sector. 
When detecting a pulse on the Sector input, the pro- 
gram continues to the next instruction that asserts 
Read Gate. Th 2,7 RLL decoding is aligned to the 
leading bit of the 4T data pattern. Note that in the hard 
sector mode the serial NRZ data stream going to the 
serdes is inverted after the decoder. Since the SDI 
input is not used, it can be left open. 
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LATE AND EARLY GENERATION 
The LATE and EARLY outputs are generated according to the following rules: 


RLL Coded Data Pattern Precompensation 


Preceding Bits Computing Bit Following Bits 
0 1 0 0 1 0 0 1 


Sequencer instruction 
sets read gate; RG = 0; 


waiting for SDI to assert 


Has it been 6 byte times bes Drop RG 


Check for legal address ba 
mark 


Yes 


Assert AMD and enable 
the byte sync detector 


FIGURE 1: Encoder Sequence for Soft Sector Mode 
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ECC ERROR INDICATOR 


This chip also provides an output pin, ECC _ ERR, to 
indicate the condition when the ECC calculation has 
resulted in an error (non-zero syndrome) in the case of 
disk data read. This pin is reset when the microproces- 
sorwrites to register 79H (the starting address register) 
to start the sequencer program, or by a software reset 
(register 71H bit 5 = 1), or by asserting the RESET 
pin. The ECC_ERR pin is also cleared when the 
Clear_ECC bit (bit 3 of register 71H) is set. 


POWER DOWN MODE 


Inthe power down mode the internal clocks (BCLK and 
RRCLK) are disabled. The device only provides means 
to disable the BCLK , and it relies on the SS! 32P548 
to provide the stopped RRCLK input. The input pin 
PWDN, when asserted low, switches the BCLK off. 
This pin has the same effect as the Bclk_disable bit 
(bit 5 of register 7FH). PWDN can be left floating if not 


used. It should be connected to the PDWN1 pin of the | 


SS! 23P548 when used with that chip. 


Note that in the power down mode, the SS! 32P548 
forces the RRCLK to be tri-stated. An internal pull-up 
resistoris provided on the RRCLK input pin by this chip 
to force it into a high state during the power down time. 


The power down mode is automatically recovered 
when the AT writes to the command register, AT 
programs a software reset, or when HRESET pin is 
asserted, even when PWDN is still held low. This 


allows the BCLK to recover immediately and enables 
the buffer manager to respond to the host. The 32C261 
device asserts an interrupt to the microprocessor (if 
interrupt is enabled) and the microprocessor releases 
the PDWN pin in order to recover the disk interface. 
The BCLK is also reactivated any time PDWN pin is 
released. 


TESTING THE ENDEC USING THE NRZ_TEST PIN 


This chip provides an NRZ_TEST pin for the testing 
purposes. Using the NRZ_TEST pin data flow between 
the BD bus (buffer data bus) and the ENDEC pins 
(SRD and WD) can be monitored. The NRZ_TEST pin 
can also be configured as input so that data can be 
injected from it and checked at either the BD busor the 
WD pin terminal. 

When the NRZ_TEST pin is configured as input, data 
is redirected from NRZ_TEST rather than from either 
the BD bus ofthe SRD. Forinstance, inordertotestthe 
ENDEC encoding logic, the data path is configured as 
from the NRZ_TEST pin to the WD pin, and the data 
from the BD bus is ignored. In the case of testing the 
data transfer logic from the NRZ_TEST pinto the buffer 
data, the data coming from the SRD pin canbe ignored. 
Register 7FH bits 3 and 4 are used to redirect the data 
flow. However, these two bits are qualified only if 
register 52H bit 7 (Test mode enable bit) is set. The 
following is a table showing data transfer path in 
different cases: 


Reg 7FH 
Bits 4.3 DATA PATH 


> WD (encoded format) 
> NRZ_test (NRZ format) 
> NRZ_test (serial NRZ) 
~ BD bus 

— BD bus 


OX BD bus 
BD bus 
X0 SRD 
SRD 
x1 NRZ_text 
(Sector/AMD = Address mark detect in the soft sector mode) 
1X NRZ_test > WD 
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ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 


Power Supply Voltage 7 


NOTE: Stress above those listed under Absolute Maximum Ratings may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any conditions above those 
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 


DC CHARACTERISTICS 


PARAMETER | CONDITIONS | MIN | 


VIL___ Input Low Voltage ee ee 


F Vou) Output Low votage | IOL-24ma 
FVOH Output high Votage | 1OH=-40uA S| 
an 
a 
= 


rico suppiycurent | 
CIN putCapactance | SCidYSC* 
[COUT Output Capacitance [| SSSC=~dCSC 


NOTE: (1) All output pins except for host interface signals 
(2) Host interface outputs 
(*) IOL = 4 mA for RG and WG 
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AC CHARACTERISTICS 


The following timings assume that all non-Host Bus output pins will drive one Schottky TTL load in parallel with 
50 pF, all Host Bus output pins will drive a 300 pF load, and all inputs are at TTL levels. The MIN and MAX timings 
conform to the operating ranges of a power supply voltage of 5V +5%, and an ambient temperature of 0°C to 70°C. 


Host DMA 8/16-Bit Interface Timing Parameters (Figure 2) 


PARAMETER CONDITIONS | MIN 


DREQL DREQ low from DACK low 
RDTA IOR low to HD [0:15] valid 


RDHLD —_‘IOR high to HD [0:15] tri-state aay 
WDS HD 0:15] setuptolOWhigh | = ‘| 40 


WDHLD HD [0:15] hold from TOW high 
RWPULSE TOR/IOW pulse width 


RW PULSE 


HD[0:15] (read) : ' 
4 
| ; 
I eS RE ee PE EEE ae, ' eee a 


—— 
RDATA 1 RDHLD 


HDj0:15] (write \ 
4 : ’ 


FIGURE 2: Host DMA 8/16-Bit Interface Timing 
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HOST Programmed I/O 8-16-Bit Timing Parameters (Figure 3) 


PARAMETER CONDITIONS 


CS16L HCSO low, A0:2, AQ low, or 
HCS7 high to IOCS16 low 


IOCHL IOR/IOW low to IOCHRDY 
low 


lIOCHTW* IOCHRDY pulse width 


RDTA — TORowtoHD[o:isjvaid =| sid 
RDHLD  lORhightoHD[0:15]tr-state}| $= ‘| 
HD [0:15] setuptolOWhigh | | 40 


WDHLD —_HD[0:15] hold from TOW high aig. 


RWPULSE JOR/IOW pulse width 


ADRSET —HCSO, A0:2, A9/HCST, 
setup to IOR/IOW low 


ADRHLD —_HCS0, A0:2, A9/HCS1 hold, 
from IOR/AOW high 


HD[0:15] (read) \ 


<——_P 
om ; aa \ y ' 
' 1 
<< <_—________>-4-______» 


FIGURE 3: Host Programmed 8/16-Bit Timing 
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Microcontroller Interface Timing Parameters (Figures 4 and 5) 


PARAMETER 7 | CONDITIONS 
ALE Width 


co 
a 
a 
a5 


140 


= 
= 
= 
RD Width 
C ALE yto CS valid i 
iz RD por WR tito CS ¥ HO 
; bad 
Ww 


aw ALE vio WAITE 4 ee 
it RD Wi ae 
As Address AD [0:7] 
valid to ALE J 
Ah ALE J to Address 
AD [0:7] invalid 
; : 
- —— ——— 
ds Write Data AD [0:7] 
valid to WR 4 
dh WR to Write Data 10 
AD [0:7] invalid 


Tda RDyto Read Data 
AD [0:7] valid 

Tdh RD*t to Read AD [0:7] 
float (undriven) 


NOTE: indicates falling edge. f Indicates rising edge. 


| 100 


‘ As 


AD [0:7] IN i ; + > RT 
j 


FIGURE 4: Register Write Timing 
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FIGURE 5: Register Read Timing 


NRZ - Test Input/Output. Timing Parameters (Figures 6 and 7). 


PARAMETER CONDITIONS | 
T RD/REF CLK Period 


RD/REF CLK High/Low Time 


Tr=Tf RD/REF CLK Rise and 
Fall time 


NRZ_TESTvaldtoRD/REFCLKT] = asd 


Ds x i 
Dh RD/REF CLKT to NRZ invalid 
As* AMD valid to RD/REF CLK * 


Dv RD/REF CLKfto NRZ 


NOTE: y Indicates falling edge. Indicates rising edge. 
* These specifications are only applicable in the Soft Sector Mode. 


= —_ NO 
O1 ol io) 


10 


4 
RD/REF CLK 


T/2 


NRZ_TEST (read) A nN 
U—_§_—_ Pq P 
) ' 


Ds Dh 


AMD 


FIGURE 6: NRZ Test Input Timing 
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RD/REF CLK of \ / \ yp 


NRZ_TEST (write) y, 


NOTE: NRZ DATA changes after the rising edge of RD/REF CLK. 


FIGURE 7: NRZ Test Output Timing 


Register 70H Access Timing Parameters (Figures 8 and 9) 


PARAMETER CONDITIONS 
T RD yto MOE y 


0 eel 

| Tda ss BD[O:7] validto AD[O:7] valid | sd 
Trh RD to AD[0:7] invalid ae 
: ee 


T RD tor WR ‘Mo MOE * 


Taw AD[0:7] valid to WE ¥ 


AD[0:7] valid to MOE ¥ 


Fe ee 

Tao | 
| Tad AD[0:7] validto BD[O:7] valid | 
twin WinoWER fT 
| Twdh WA MoBDO-7Jinvaid | 


NOTE: ¥ Indicates falling edge. tf Indicates rising edge. 


FIGURE 8: Register 70H Read Timing | 
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BDI0:7} out 


FIGURE 9: Register 70H Write Timing 


Buffer Memory Read/Write Timing Parameters (Figure 10) 


Ter=T ef BCLK Rise and Fall Time 


11 BUFCLK’ Period Pee eee 
Av BUFCLK*Yto BAO:15] valid | 


Dov BUFCLK* to BD[0:7] valid 
Doh BUFCLK* to BD[0:7] invalid 
Mv BUFCLK* tto MOE | 


| Mn BUFCLK'HioMOET | 
Wv BUFCLK* to WE + fetes ee ee ll 
Wh BUFCLK*¥to WE t Ld 
Dma MOE No BA[0:15] Hold Ree ite need 
| Dis BDIO-7IvalidtoBUFCLK'Y | a 
Dih BUFCLK'¥to BD[O:7] invalid | fel 
TBbr ———- BCLK to BUFCLK t Foe 
Freer —eoxtwaurouxe 


NOTE: indicates falling edge. t Indicates rising edge. 


* BUFCLK is an internal signal which indicates the period of Buffer Memory Access Cycle. These 
specifications can be tested when the period of BCLK pin is the same as the period of Buffer Memory Access 
Cycles (i.e., Register 7FH, Bits 6 and 7 are 1 and 0, respectively). If the Buffer Memory Access Cycle period 
is programmed to be a multiple of the period of BCLK pin, BUFCLK above refers to the Buffer Memory Access 
Cycles and the falling edge referred to above would be coinciding with the rising edge of the BCLK pin. 
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RLL ENDEC Timing Parameters (See Figures 11 and 12.) 


PARAMETER | CONDITIONS 
TSWD Write data output setup time 
THWD Write data ouput hold time 


TWLE EARLY/LATE ouput setup 
or hold time | 
TRRCP —_ RRCLK pulse with Pe 


TRCRD SRD leading edge to next 
RRCLK transition 


RRCLK transition to next 
leading SRD egde 


TRDRC 


BUFCLK | 
— >, -<—TBor 


(-——f- 
Dov | | 
BD [0:7] (buffer write : : | 
( 
test 
BD[0:7) (buffer read 
| I 


FIGURE 10: Buffer Memory Read/Write Timing 
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RR CLK a A. aaa ae Nees 


FIGURE 11 : Write Data Timing - RLL ENDEC Mode 


FIGURE 12 : Read Data Timing - RLL ENDEC Mode 
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PACKAGE PIN DESIGNATIONS 
(Top View) or a Static sensitive Component. 


Host Bus Interface 


Buffer Memory Interface 
Host Bus Interface 


Disk 
Interface - 


=e ee wee 


Bt2Se Sa SRE RES Eh 2828222825 S28 

| -s 

ge tk ty ade oh Me ye ae et Teta Ds Ciest cae Sa ety gree s_ caa Masten dae PAR. at at aw ak 5 = ' 

Buffer Memory Interface Microcontroller Interface ._.2_: 
Disk 

Interface 


100-pin QFP 


Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for 
final design. 
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DESCRIPTION 


The SSI 32C263 is a CMOS VLSI device which inte- 
grates major portions of the hardware needed to build 
a PC AT/XT driven hard disk drive. The SSI 32C263 is 
one of the family of Silicon Systems’ single chip disk 
controllers. The SSI 32C263’s place in the Silicon 
Systems’ chip family is illustrated in the hierarchy chart 
in Figure 1. It provides most of the functional circuitry 
necessary to build a 3V “ATA” embedded disk. 


The SSI 32C263 is capable of supporting interleaved 
data transfer rate up to 16 Mbit/s. It includes a dual port 
Buffer Manager, a storage controller, and a high perfor- 
mance AT/XT host interface block that incorporates an 
extensive hardware support — including 24 mA drivers 
— forthe PC AT/XT and other compatible interfaces. 


The SSI 32C263 performs all the controller functions 
for the peripheral device, such as serialization/ 
deserialization; ECC generation and checking on the 
data stream, and CRC generation and checking onthe 
header of the data stream. 
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Advance Information 
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FEATURES 


¢ PC AT/XT Bus Interface 


- Single Chip PC AT/XT Controller 

- Direct bus interface logic with on-chip 
24 mA drivers 

- Logic for daisy chaining 2 embedded ATA 
drives 

- Buffer transfer in single or burst mode 
DMA or PIO modes 

- Provides logic to speed up command 
response 

- Supports 16 Mbit/s concurrent disk 
transfer on a 1.5M words/s PC-AT without 
wait states 


(Continued) 


BLOCK DIAGRAM 


+3V. BGND LGND HGND 


BA 0:15 
BD 0:7 


WAM/AMOISECTOR 
a aes & INDEX 
see oe ; INPUT/(OUTPUT 

‘| WG 


anon RD/REF CLK 
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FEATURES (continued) 


¢ Buffer Manager 


- Dual port buffer access with access 
priority resolver 
- Total Buffer Memory throughput to 
5 MByte/s ° 
- Direct Buffer Memory addressing up to 
64 kB Static RAM 
- 4k Buffer segmentation support 
- Provides host overrun control 


¢ Storage Controller 


- NRZ Data Rates up to16 Mbit/s 

- Selectable 16-bit CRC or 32/56 bit ECC . 
polynomial with hardware correction 
circuitry 

- Microprocessor based split data field pro- 
cessing logic 

- Highly programmable advanced 
sequencer organized in 31 x 4 bytes 

- §8-byte stack for header information 
storage 


15 Mbit/s NRZ, 


| 32C260 | at/xT Controller 


26 Mbit/s NRZ, 
AT/XT Controller 
SH-265 Compatible AT/XT Controller w/RLL 


2, 7 ENDEC, 24 Mbit/s 


32C9000 


32 Mbit/s NRZ, 
AT Controller, 
56 Bit ECC 


Controller, Reed 
Solomon ECC 
3V Operation 


Controller, Reed 
Solomon ECC 


- Supports programmable sector lengths up 
to a full track 


- Two-index counter providing sector I.D. 


search and retry limits 


- Preset of CRC/ECC generator to either 


“0’s” or i | *s” 
Microprocessor Interface 


- Programmable wait state insertion for fast 
microprocessors 

- Provides microprocessor access to 8 
external switch settings 

- Interrupt or polled microprocessor 
interface 


Others 


- Internal power down mode 

- Operational from 2.7 to 5.5V 

- Plug and play compatibie with the Cirrus 
Logic SH-260, SH-265 and the SH-266 

- Available in 100-pin surface mount QFP 


SH-260 Compatible 


16 Mbit/s, NRZ, 
3V Operation 
SH-266 Compatible 


26 Mbit/s, NRZ, 
AT/XT Controller 
SH-266 Compatible 


48 Mbit/s NRZ, AT 30 Mbit/s NRZ, AT. 32 Mbit/s NRZ, 
Controller, Reed 
Solomon ECC 


SCSI 48 Mbit/s NRZ, SCSI 48 Mbit/s NRZ, SCSI 
Controller, Reed Controller, Reed 
Solomon ECC Solomon ECC 
Dual Bit NRZ 


FIGURE 1: Silicon Systems’ Disk Controller Chip Hierarchy 
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FUNCTIONAL DESCRIPTION 


The four major functional blocks are: 


Microcontroller Interface 
Buffer Memory Interface 
Disk Formatter 

Host Interface 


The SSI 32C263 includes a control sequencer with a 
writeable control store, buffer RAM controller capable 
of interleaved address generation, direct ATA bus 
connections, and configuration/status registers which 
can be programmed by an external microcontroller. 
The internal hardware also supports automatic looping 
of the sequencer program, and the interrupt circuitry 
relieves the supervising microprocessor of having to 


PIN DESCRIPTION 


The following convention is used in the pin description: 


(l) denotes an input 
(/S) denotes a Schmitt trigger input 
(O) denotes an output 
(/O) denotes a bidirectional signal 
(Z) denotes a tri-state output 
(OD) denotes an open drain output 
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pollon the status registers. Access to the control store 
and registers is accomplished through the micropro- 
cessor interface which is optimized for eight-bit, 
mulitplexed address/data processors. Foracomplete 
description of the programmable registers, refer to 
the SSI 32C4651 Design Guide. 


The device performs all the controller functions for the 
peripheral device, such as serialization/deserialization; 
ECC generation, checking, and correction assistance; 
and CRC generation and checking on the header 
stream. The contention between the host and the disk 
requests for buffer RAM access is internally arbitrated 
and resolved. 


Active low signals are denoted by a bar on top of the signal name and dual function pins are denoted with a slash 


between the two signals: A9/HCS1 , for example. 


GENERAL 


DACK is asserted. 


IOCHRDY 
| to transfer data. 
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TYPE| DESCRIPTION 


|_| POWER SUPPLY PIN, VCC 
| | GROUND 


HOST ADDRESS LINES. The Host Address lines A(2:0) and A9 are used to access the 
various PC/AT control/status, and data registers. 

HOST ADDRESS LINE 9/ HOST CHIP SELECT 1. This is a multiplexed input pin. When 
Register 52H, bit 3 is reset this input is HOST ADDRESS LINE 9, when the bit is set this 
input is HOST CHIP SELECT 1. When configured as HCS1 this input is ignored when 


HOST CHIP SELECT 0. This pin selects access to the control, status and data registers. 
This input is ignored when DACK is asserted. 


16-BIT DATA TRANSFER. An open drain output when active low indicates that a 16-bit 

buffer transfer is active 

HINT iJ HOST INTERRUPT. Asserted active high to indicate to the Host that the controller needs 
attention. 


O, Z | VO CHANNEL READY. Asserted active low whenever the internal host FIFO is not ready 


° . . . e 
-_ 
. 
. 
. 
e . « . 
. 
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PIN DESCRIPTION (Continued) 
HOST INTERFACE (Continued) -_ | 


[NAME [TYPE] DESCRIPTION, 


DMA ACKNOWLEDGE. This signal is asserted low by the host during DMA to complete 
the DMA handshake for data transfer between the host and the controller. 
INPUT READ SELECT. This pin is asserted active low by the Host during a Host read 
operation. When asserted with HCSO , HCS1, or DACK, data from the device is enabled 
onto the host data bus. 
INPUT WRITE SELECT. Asserted active low by the HOST during a HOST write operation. 
When asserted with HCSO , HCS1, or DACK, data from the host data bus is strobed into 
the device. 
HOST RESET. This signal, when asserted active high, stops all commands in progress 
and initializes the control/status registers — see Design Guide for Register Reset 
conditions. This signal can also “wake up” the device while it is in power down mode. 
HOST DATA BUS. These bits are used for word transfers between the Buffer Memory 
and the Host; bits (7:0) are also used for status, commands, or ECC byte transfers. 


DISK SEQUENCER INPUT/OUTPUT. A general purpose control (output) and status 
(input) pin configured by the Output Enable Bit of Sequencer Mode Selection Register 77H, 
bit 6. At power-on, this pin is an input. As an input, it can be used to synchronize the disk 
sequencer to an external event. The state of this pin is sampled by reading Formatter 
interrupt Enable Register 7EH, bit 2. As an output, it is controlled by bit 2 of the Control Field 
of the disk sequencer. 


WRITE ADDRESS MARK/SECTOR/ADDRESS MARK DETECT. This pin is configured 
to operate in Hard or Soft Sector mode by initializing the Formatter Mode Selection Register: 
77H, bit 7. Inthe hard sector mode it is used as the sector input — a pulse on this pin indicates 
a sector mark is found. 


In the soft sector mode, a one-bit wide active low output pulse is asserted when formatting 
to allow writing of address mark. When reading, an active low input indicates an address 


mark was detected. The device powers up in soft sector mode. 


READ GATE. This output enables the reading of the disk. It is asserted active high at the 

beginning of the PLO for header and data field by the sequencer Control Field bit 6. It is 
| automatically deasserted at the end of the CRC or ECC, when the sequencer processes 

servo gaps between data fragments, or when the sequencer goes to the stopped state. 

WRITE GATE. This active high output enables writing onto the disk. It is asserted and 

deasserted by the sequencer Control Field bits 5 and 7. 

READ/REFERENCE CLOCK. This pin is used in conjunction with the NRZ pin to clock data 

in and out of the SSI 32C4651 device. This input must be glitch-free to ensure correct 
| operation of the chip. 

NON RETURN TO ZERO. This signal is the serial read data input from the disk drive when 


the read gate signal is asserted; it is the write data output to the disk drive when the write 
| gate signal is asserted. 
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MICROPROCESSOR INTERFACE 


RESET. An active low input generates a component reset that holds the internal registers 
of the SSI 32C263 at reset, stops all operations within the chip, and deasserts all output 
signals. All input/output signals and Host outputs are set to the high-Z state. 


/S | ADDRESS LATCH ENABLE. This control signal latches the address on the AD 7:0 lines. 


/S | CHIP SELECT. This active high signal must be asserted for all microprocessor accesses 
to the registers of this chip. 
/S | WRITE STROBE. Active low WR and CS assertion causes the data to be written into the 
specified registers from the AD lines. 


READ STROBE. Active low assertion RD and CS causes the data from the specified 
register to be driven on the AD 7:0 lines. 


INTERRUPT. An active low signal which indicates the controller is requesting micropro- 
cessor service. This signal is programmable for either a push-pull with an internal pull up 
resistor or open-drain output Circuit. This signal powers up in the high-Z state. Formatter 
Mode Selection Register, 77H: bit 4 set high, disables the pullup on the output pin, leaving 
an open drain output. This is intended to support multiple interrupt sources. 


ADDRESS/DATA BUS. These lines make up the multiplexed, bidirectional data path to 
the microprocessor. ALE latches register address from this bus with data transferred 
during RD or WR assertion. 


LOCAL MICROPROCESSOR READY: When this signal is deasserted low, the micropro- 
cessor inserts wait states to allow time for the chip to respond to the access. Wait states 
are programmed by Auxiliary Control 1 Register — 4FH: bits 7-6. 


BUFFER MEMORY ADDRESS LINES 0:15. These sixteen outputs provide address lines 
for the static memory chips used to implement the buffer memory. 


BDO:7 /O | BUFFER MEMORY DATA BUS. 7 through 0. The bidirectional Data Bus connects the 
buffer RAM to the buffer manager. This bus is designed for high speed data transfer. 


MOE MEMORY OUTPUT ENABLE. This active low output controls the enabling of data onto 
the Data Bus from the RAMs. It can also be programmed to control the RAM chip enable. 


WRITE ENABLE. This active low output signal is used to strobe the data into the RAMs 
from the Data bus. 


SYSTEM CLOCK. This signalis used to synchronize the buffer RAM access, including the 
generation of memory address lines, write enable WE, and memory output enable MOE. 
In power down mode, this signal is shut off from the internal logic and hence buffer memory 
access is inhibited. 
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ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


Maximum limits indicate where a permanent device damage occurs. Continuous operation at these limits is not 
intended and should be limited to those conditions specified in the DC Electrical Characteristics. 


_ PARAMETER RATING 


Ambient Temperature 0 to 70°C 


Storage Temperature -65 to 150°C 
Input, Output pins -0.5 to VCC+0.5V 


DC ELECTRICAL CHARACTERISTICS 


PARAMETER | 


CONDITIONS | MIN | 


| MAX 
TBD 
+0.5 


[NOM 
vec PowerSuppyvorage | ——SSSSCSC~<“~*~“‘~*~s‘id CSCC 
Pane 
an 
- 
- os 
Te 
aa 
pret 
mene 
Paced 


Supply Current 


ICCS__ Supply Current | Notes | 
Input Low Voltage | OS 


CC 
C 
VIL 
IH | 
VIL Input Low Voltage Schmitt triggered signals 
IH 
. 
L 
H 
CIN | 


vcc 
OutputLow Voltage | Note2 | 0.3 


Cc 
O 
VO Output Low Voltage Note 3 
O 
L 


7 . 
V 
V Lod 
ae 0 
V Output High Voltage IOH = -400 pA | 20 | 
Input Leakage Current | 0< VIN < VCC | 10 | 


0.3 V 
v 
cu 2 
3 10 WA 
ae 


Input Capacitance | 
COUT _OutputCapacitance | 


Note: (1) In powered down, sleep mode 
(2) All interface pins except Host Interface pins. JOL= 2mA. 
(3) Host Interface pins, IOL=24mA. 
(4) Schmitt triggered signals 


Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for 
final design. 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 


Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX: (714) 573-6914 
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Advance Information Information 


September 1991 
FEATURES e Storage Controller 
® PC AT/XT Bus Interface - NRzZ Data rate up to 25 Mbit/s 
- Selectable 16-bit CRC or 56-bit ECC 
" eer ape Saran oe with fast hardware correction 
SMD disk interfaces - Supports sector level defect 
- Direct bus interface logic with on-chip management 
24 mA drivers - Supports 1:1 Interleaved operation 


- Logic for daisy chaining 2 embedded 


controller drives on a PC AT * Microprocessor Interface 


- Supports 15 Mbit/s concurrent disk - Supports both intel 8051, and Motorola 
transfer on a 12 MHz PC AT without wait 68HC11 family of microprocessors 
states - Interrupt or polled microprocessor 

¢ Buffer Manager uNerrece oe 
- Supports Buffer Memory throughput to =n cBower down Capeony Shenae 53 
Pp ry gnp power up when command is received 
8 Mbytes/s 

- Direct Buffer Memory addressing up to * Others 
64 kB static RAM - Low power CMOS technology 

- Dual port circular buffer control - Plug and Play compatible with Cirrus 

- Internal dividers for Buffer Clock include CL-SH 260 chip 
1, 2, 3, and 4 - Available in 84-pin PLCC or 100-pin QFP 

BLOCK DIAGRAM 
se geV_ BOND ne HONS 
IOCS16 1 BCLK 
HINT : 
A0:2 MOE 
AWHCST e WE 
Heso : 
DREQ ‘eens ApANONoY aaOROORHNSE : BRIE 
BACK : BD 0:7 
TOR : 
Tow : WAM/AMD/SECTOR 
HRESET =| INDEX 
TOCHADY | INPUT/OUTPUT 
HDBO:15 -| RG 
| we 
ADO:7 
= : 
= gen aioe RD/REF CLK 
RST ; NRZ Contral : = 
INT 
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DESCRIPTION 


The SSI 32C4650 is a CMOS VLSI device which 
integrates the major portion of the hardware needed to 
build a PC AT/XT driven hard disk controller. The 
32C4650 is capable of supporting interleaved data 
transfer rate up to 25 Mbit/s. This chip represents a 
major reduction in part count when used with the SSI 
32P4620, Pulse Detector and Data Separator combo 
chip, and the SSI 32R4610, Read/Write device and the 
SSI 32H4631, Servo and Motor Speed Controller de- 
vice, implementing a powerful and cost efficient 4-chip 
set hard disk drive solution. It also has the flexibility to 
be used as a stand-alone combo controller. 


The SSI 32C-4650 includes all the circuitry for a direct 
connection to an AT/XT bus interface, a dual port 
Buffer Manager, a storage controller and an extensive 
hardware support, including 24 mA drivers, for the PC 
AT/XT and other compatible interfaces. 

The SSI 32C4650 performs all the controller functions 
for the peripheral device, such as serialization/ 
deserialization, ECC generation and checking on the 
data stream, and CRC generation and checking onthe 
header of the data stream. 


FUNCTIONAL DESCRIPTION 


The major functional elements and data paths of the 
SSI 32C4650 are shown in the block diagram. 


The four major functional blocks are: 
Buffer Memory Interface, 
Microcontroller Interface, 
Disk Formatter,and 
Host Interface. 


The SSI 32C4650 performs the functions to interface a 


serial data storage device such as a Winchester Disk 
Drive, to a parallel bus interface for data processing on 


a byte wide basis. The functions necessary to accu-. 


rately make this conversion are serialization/ 
deserialization, error detection and correction, and 
data path control. The SSI 32C4650 also has a general 
purpose interface line to further facilitate control of the 
data storage device or parallel interface. An eight byte 
stack allows data to be saved and reviewed by the 
microprocessor for error handling purposes. The inter- 
nal sequencer performs most of the operations in 
conjunction with the control and status registers. The 
sequencer program is contained in an internal se- 
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quencer RAM, which is easily (re)programmed provid- 
ing almost infinite flexibility in drive format and control 
features. A microprocessor effects both initialization 
and control of the SS! 32C4650 by writing to and 
reading from the internal registers, sequencer RAM, 
stack and general purpose |/O circuitry. The micropro- 
cessor interface block of the SSI 32C4650 provides the 
communication and control for the SSI 32C4650 to the 
microprocessor. For a complete description of the 
programmable registers, refer to the SSI 32C4650 
Design Guide. 


BUFFER MEMORY INTERFACE 


The buffer memory interface, referred to as the Buffer 
Manager includes a bi-directional data bus that ex- 
changes data bytes between an external buffer 
memory and the serializer/deserializer or the host 
interface. The circuitry allows the use of static RAM as 
adual port circular FIFO, and supervises data transfers 
to and from the RAM. The device contains logic that 
resolves disk and host requests. The arbitration is 
achieved by giving priority to the disk and utilizing 
internal data FIFO’s for temporary host and disk data 
storage. 

The Buffer Manager is capable of handling buffer sizes 
from 256 bytes to 64K bytes. The circuit provides up to 
16 direct_address signals, along with Memory Output 
Enable (MOE) and Write Enable (WE) signals. The 
buffer RAM address is generated from one of two 16- 
bit counters, one of which being the write address 
pointer (6CH & 5DH) and the other the read pointer 
(SAH & 5BH). The address generation as well as the 
memory control signals are synchronous to the Buffer 
Clock (BCLK), allowing the user many choices of buffer 
RAM speeds, with different combinations of the disk 
and host transfer rates. 


The Buffer Memory Interface is a dual port buffer 
controller that allows low speed static RAM’s to be 
configured as a dual port circular FIFO buffer. It gener- 
ates all the buffer memory addressing required and 
manages two ports: Port A, a synchronous peripheral 
device interface and Port B, an asynchronous host 
interface. The Buffer Manager has arbitration logic to 
support the AT or XT host transfers under DMA control 
or Programmed 1/O control. 


_ On-chip counters generate the addresses (BAO-BA15) 


needed to access up to 64K of external static RAM. 
Along with the addresses, the Buffer Manager block 
outputs a Memory Output Enable (MOE) and a Write 
Enable (WE) signal for a static RAM buffer. 
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The address generator contains two 16 bit pointers, the 
read address pointer (RAP) and the write address 
pointer (WAP), which indicate where in the external 
buffer RAM data is to be read or written. During data 
transfers, these pointers are automatically 
incremented as the RAM is accessed. The pointers 
wrap around to 0 when the programmed buffer size is 
exceeded. To prevent host overruns of the buffer 
(Caused by one of the pointers overtaking the other), 
the address generator includes a 16-bit stop pointer 
(SEH & 5FH). The microprocessor loads SP with the 
last address in buffer memory to be accessed during a 
host DMA transfer. When the port B address (RAP 
during an upload to the host or WAP during a download 
to the peripheral) reaches the value in SP, the DMA 
transfer is automatically suspended. 

The period of the Buffer Memory access cycle is 
determined by programming bits 6 and 7 of CLOCK 
CONTROL, register 7FH, and is based on the BCLK 
input. The period of the Buffer Memory access cycle 
determines the access time requirement for the buffer 
RAMs. The C260 samples the data fromthe RAM atthe 
falling edge of the BCLK signal. Buffer Memory 
throughput and the RAM speeds can be determined 
from the following equations: 


Buffer Memory Throughput = 
1 / Period of Memory Access Cycle 


For Buffer Memory Read: 

Max. Read Access Time = T, - Av, - Dis, 
Min. Output Enable = (T, /2) - Mv_. - Dis_, 
For Buffer Memory Write: 

Address set up to WE T =T, - Av... + Wh_, 


Data set up to WE T = Min. Output Enable 
= (T,/2) - Mv, - Dis... 


x 


Note: For an explanation of Av,,, Dis, Mv_... 
Wh,,,,, Dov,,,, Parameters, refer to Buffer 


Memory Read/Write Timing Parameters. 
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MICROPROCESSOR INTERFACE 


The microprocessor interface decodes microproces- 
sor read and write requests and provides access to the 
appropriate register or internal memory location. Since 
both data and address information are carried on the 
multiplexed bus lines ADO-AD7, address information is 
latched from the bus on the falling edge of the micro- 
processor signal, Address Latch Enable (ALE). When 
CS is asserted along with either RD or WR, the register 
whose address was previously latched is selected. The 
addresses and names of all the accessible registers 
are shown inthe Register Address Map. The micropro- 
cessor should not read or write the sequencer RAM 
while the sequencer is running, since there is no 
Circuitry to resolve conflicting accesses and incorrect 
sequencer operation will result. 


The status and control registers make status informa- 
tion available to the microprocessor and allow the 
device to be configured for a wide variety of peripheral 
applications. The microprocessor can monitor the sta- 
tus of transfers in progress and control the ECC regis- 
ter operation, the ECC polynomial, the clock genera- 
tion hardware, the sequencer program execution, 
buffer size, read and write pointers, and stop pointers. 
The microprocessor also has access to the 
sequencer’s microprogram RAM so that it loads the 
microcode for all controller operations. 


DISK FORMATTER 

The serializer/deserializer circuit interfaces the parallel 
buffer memory bus to serial NRZ data stream of the 
peripheral device. Byte synchronization is maintained 
with a bit ring, which is an 8-bit recirculating shift 
register clocked by the peripheral bit clock. During a 
sector write, the bit ring is initialized explicitly with a 
sequencer instruction. The bit ring continues to oper- 
ate until the end of the field (ECC written or read). 
During write operations, the sequencer may cause 
address marks and sync patterns to be loaded into the 
serializer instead of data bytes. These special patterns 
are contained ina sequencer instruction and are trans- 
ferred to the serializer over an internal byte wide data 
path. During read operations, bytes of overhead in- 
formation may be routed to the stack or sequencer for 
comparison against target values. This process is 
controlled by the control field (SEQCONF) in each 
sequencer instruction. 

The eight byte recirculating stack may be used to 


capture read data for later examination by the micro- 
processor. Data is pushed onto the stack under se- 
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quencer control. The control bit STACKEN in the 
sequencer instruction field SEQCONF in the se- 
quencer instruction field SEQCONF directly controls 
the stack. If more than 8 bytes are written to the stack, 
only the last 8 will be saved. When a data byte is read 
from the top of the stack by the microprocessor via the 
STACK register, the data is recirculated to the bottom 
of the stack, allowing the stack contents to be exam- 
ined more than once without the use of temporary 
storage in the microprocessor or buffer. 


Serial peripheral data is passed through a variable 
length shift register with programmable exclusive OR 
feedback that performs ECC or CRC generation and 
checking. The feedback taps for the desired polynomi- 
als are fixed as follows and the user may select 
between the 16-bit CRC, 32-bit ECC, orthe 56-bit ECC 
as desired. This selection is accomplished by program- 
ming the WCS COUNT FIELD and the ECC CON- 
TROL register (Register 71H, bit 6). 


In the forward direction, the options available include: 
CRC polynomial which is the CCITT CRC code: 
x64 x4 x54 4 

32-bit ECC polynomial: 

X32 4x28 4x26 4x19 417 4x10 4 x6 4x? 44 

56-bit ECC polynomial: 


X56 4x52 450 443 44 494 4 30 426 4424 48 4.4 


The reverse polynomial options include: 
32-bit ECC polynomial: 


X32 4.90 426 4,22 415 4x13 4 x6 4x4 44 


56-bit ECC polynomial: 


x 4x4 4x92 4x90 4x78 4x72 4 x15 4x18 4x8 4x44 


The 56-bit polynomial can detect single burst errors up 
to 56 bits in length, and double-burst errors, where the 
combination of bursts is less than or equal to 41 bits. 
This polynomial can also correct single-burst errors up 
to 23 bits in length. The 32-bit ECC polynomial is the 
standard polynomial found in IBM PC AT controllers. 


The forward and reverse polynomial is selected by 
programming ECC CONTROL (Register 71H, Bit 7). 
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Whichever polynomial is selected, the ECC/CRC shift 
registers always start preset to all 1s. 


The sequencer controls the time critical operations of 
the SSI 32C4650. It executes programs stored in the 
28 word by 32-bit sequencer RAM, and can be pro- 
grammed to support hard and soft sectored read, write, 
search, and verify operations for a wide variety of 
Winchester Disk Drives and other peripherals. The 
sequencer RAM is loaded by writing to the sequencer 
instruction registers as outlined in the Sequencer in- 
structions of this data sheet. Each instruction is com- 
prised of four bytes. Each of the four bytes represents 
a function of the sequencer operation. They are ad- 
dress field, control field, data type field, and data field. 
The organization of these fields is shown in the Regis- 
ter Bit Map in the SSI 32C4650 Design Guide. The 
Sequencer Registers provide control from and status 
to the microprocessor and sequencer. They contain 
branch, next, and start addresses, and sequencer 
status information. The SEQUENCER STATUS reg- 
ister provides information on the sequencer state such 
as whether an ECC erroroccurred, a compare equal or 
low occurred, if the branch condition or address mark 
is active, or whether the sequencer is halted. 


HOST INTERFACE 

The internal receivers and drivers on the host interface 
block allow the device to connect directly to the PC 
Host bus. The drivers are capable of sinking up to 24 
mA and drive a load up to 300 pF. 


The wait state generator extends the Host I/O cycle 
and inserts wait states by asserting IOCHRDY. This 
generator is only active during Programmed I/O trans- 
fers and works in two ways: 1) inserting programmed 
number of Buffer Memory Cycles for every host access 
of the device, and 2) asserting IOCHRDY only when 
the device is not ready for the transfer. Register 58H, 
Bits 0 and 1, program the wait states cycles and Bit 2 
asserts IOCHRDY whenever the device is not ready for 
transfer. 


The auto decoding circuitry allows the device to speed 
up the performance of the controller by decoding Write 
commands that require data transfer from the Host to 
the Buffer Memory. These commands include Format 
(5XH), Write Buffer (E8H), Write or Write long (3XH). 
The device automatically starts accepting data without 
the local microcontroller control when any of these 
commands are loaded into the COMMAND REGIS- 
TER by the host. If interrupts are enabled, the device 
generates an interrupt to the local microcontroller. The 
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PC STOP POINTER (Registers 5EH and 5FH) is 
initialized to O01FFH. lf DISABLE STOP POINTER 
COMPARE (Register 52H, Bit 6) is set, the local 
microcontroller must initialize the PC STOP POINTER 
to enable comparison of the WRITE ADDRESS 
POINTER (Registers 5CH and 5DH) with the HOST 
STOP POINTER. The Formatter disconnects from the 
Buffer Manager on receiving one of these commands. 
It also disables write access by the local 
microcontroller to the DMA CONTROL REGISTER 
(53H) and WRITE ADDRESS POINTERS (5CH and 
5Dh). In addition, read/write access to the BUFFER 
MEMORY ACCESS REGISTER. Access to these 
registers is enabled when the local microcontroller 
writes to AUTOCOMMAND “LOCK” RELEASE regis- 
ter (73H). 


PIN DESCRIPTION 
GENERAL 


| NAME __|TYPE| DESCRIPTION 


SSI 32C4650 
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The ECC bytes are transferred to and from the host by 
enabling by Bit 1 of the command byte by the host, 
indicating Read and Write Long command. If a Read or 
Write Long command is received, Buffer Memory 
transfers to/from the Host will exceed the PC STOP 
POINTER (Registers 5EH and 5FH) by the count of 
ECC bytes. Initially the PC STOP POINTER is set at 
the end of the Data Field. When the active READ 
ADDRESS POINTER (Registers 5AH and 5BH), or 
WRITE ADDRESS POINTER (Registers 5CH and 
5DH), matches the PC STOP POINTER (Registers 
5EH and 5FH), the internal FIFO will be emptied of the 
word width data, the PC STOP POINTER gets 
incremented by the count of ECC bytes. The ECC 
bytes will then be transferred in Byte Mode. 


used to qualify Host access. 


AT DMA mode. 


operation. 


HOST ADDRESS LINE 9/ HOST CHIP SELECT 1. AQ, this pin is used in conjunction with 
the A0:2 address lines to address the internal task file registers. HCS1 is an active low pin, 


HOST CHIP SELECT 0. Active low, this pin selects access to the control, status and data | 


registers. 


I/O SELECT 16. An open drain output that indicates that a 16-bit sector buffer transfer is 


active. 


VO CHANNEL READY. Active low, this signal is asserted whenever that internal host 
FIFO is not ready to transfer a word. 
DMA REQUEST. This pin is programmed to function as the PC/AT bus signal in the PC/ 


DMA ACKNOWLEDGE. Active low, in the PC/AT DMA mode this pin is programmed to 
be the PC/AT channel signal - DACK. 


INPUT READ SELECT. Active low, this pin is asserted by the Host during a Host read 


INPUTWRITESELECT. Active low, asserted by the HOST during aHOST write operation. 


SSI 32C4650 
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HOST INTERFACE (Continued) 
/ HOST RESET. This signal resets all commands in progress when active, and initializes | 


il 
| a the control/status registers. | 
HDB 15:0} I/O | HOST DATA BUS. Active high bi-directional pins. These bits are used for data transfers 
between the Host and the Buffer Manager. 


INDEX. Input for index pulse received from the drive 


, INDEX | | | 
INPUT/OUTPUT. A general purpose control and status pin. It can be either an input or 


INPUT/ /O 
OUTPUT an output. At power-on, this pin is an input. 


WRITE ADDRESS MARK/ADDRESS MARK DETECT/SECTOR. This pin becomes 


DISK INTERFACE 


an active low address mark detect if read gate is on, or write address mark if write gate 
is on. It operates in hard or soft sector modes. The default is soft sector. In hard sector 
| mode this is the input for the sector pulse. 


ca oe 
pwe [| 0 | 


EAD GATE. During NRZ data read. this pin is asserted. 
WRITE GATE. During NRZ data write, this pin is asserted. 


R 

READ/REFERENCE CLOCK. This pin is used in conjunction with the NRZ pin to clock 
data in and out of the SSI 32C260 device. 

NRZ. This pin is used in conjunction with the RG and WG when reading and writing from 
and to the disk. | 


RESET. Active low input, when pulled low, the internal registers of the SSI 32C260 are 
held at reset. 


ADDRESS LATCH ENABLE. This control signal latches the address on the address/data 
lines. 


S CHIP SELECT. Active high signal, when asserted, the internal registers of the SSI 32C260 


can be accessed. 


WR | 1 | WRITE. Active low input, when active the data is written to the internal registers. 


i 


READ. Active low input, when active that data is read from the internal registers 
INTERRUPT. Push-pull or open-drain signal, when active, indicates local microcontroller 
interrupt. | 


YSTEM CLOCK. This signalis used to synchronize the buffer RAM access, including the 
generation of memory address bits, write enable WE, and memory output enable MOE. 
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ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 


NOTE: Stress above those listed under Absolute Maximum Ratings may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any conditions above those 
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 


DC CHARACTERISTICS 


PARAMETER CONDITIONS | MIN | 


VIL___InputLowVoltage || 
VIH__InputHigh Voltage | 

C 

N 


VOL(1)* Output Low Voltage lIOL = 2 mA 
VOL(2) Output Low Voltage lIOL = 24mA 

VOH Output High Voltage IOH = -400nA 

IC Supply Current 

L 


ICC, Supply Current Standby| All Inputs at GND or VCC 
I Input Leakage Current 0<VIN<VCC 


CIN InputCapacitance | 
COUT Output Capacitance | 


NOTE: (1) All output pins except for host interface signals 
(2) Host interface outputs 
(*) lOL = 4 mA for RG and WG 
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AC CHARACTERISTICS 


The following timings assume that all non-Host Bus output pins will drive one Schottky TTL load in parallel with 
50 pF, all Host Bus output pins will drive a 300 pF load, and all inputs are at TTL levels. The MIN and MAX timings 
conform to the operating ranges of a power supply voltage of 5V+10%, and an ambient temperature of 0°C to 70°C. 


Host DMA 8/16-Bit Interface Timing Parameters (Figure 1) 


PARAMETER CONDITIONS 


DREQL DREQ low from DACK low 
RDTA TOR low to HD [0:15] valid 


RDHLD —_IOR high to HD [0:15] tri-state Die is 
WDS HD [0:15] setuptolOWhigh | = = =——sdts 0 


WDHLD HD [0:15] hold from TOW high 


RWPULSE IOR/IOW pulse width 


RW PULSE 


HD[0:15] (read) \ 


HD{0:15] (write) 
ee ee 


( ' 


WDS WDHLD 


FIGURE 1: Host DMA 8/16-Bit Interface Timing 
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HOST Programmed I/O 8-16-Bit Timing Parameters (Figure 2) 


PARAMETER CONDITIONS 


CS16L HCSO low, A0:2, AQ low, or 
HCS1 high to IOCS16 low 


IOCHL IOR/IOW low to IOCHRDY 
low 


IOCHTW* IOCHRDY pulse width 
RDTA IOR low to HD[0:15] valid 


| 
Loe! 
ee 
RDHLD — JOR high to HD[0:15) tri-state ee 


cemetnnel aT 
| sx ek | 
a ae aes 
ee el a 

WDS HO [0:15] setup to [OW high Pf gn 

| WDHLD —-HD/0:15)holdtromiowWhigh | | to | 
es it HE ie 


| 60 
ieee) 
baal 
oe 
RWPULSE IOR/IOW pulse width | 80 | a 


ADRSET HCSO0, A0:2, AQ/HCS1, 


setup to IOR/IOW low 
10 


ADRHLD _HCSO, A0:2, A9/HCS1 hold, 
from IOR/OW am 


HD0:15] (write 


FIGURE 2: Host Programmed 8/16-Bit Timing 
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Microcontroller Interface Timing Parameters (Figures 3, 4) 


CPARAMETER | CONDITIONS _ 


As Address AD [0:7] 
valid to ALE 
Ah ALE J to Address 
AD [0:7] invalid 
Cs ALE yto CS valid | 


Ch RD gor WR¢4to CS y 

Wds Write Data AD [0:7] 
valid to WR 4 

Wdh WR to Write Data 
AD [0:7] invalid 

Tda RDyto Read Data 
AD [0:7] valid 

Tdh RD*to Read AD [0:7] 
float (undriven) 


{ 
AD [0:7] IN vA : 


FIGURE 3: Register Write Timing 
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FIGURE 4: Register Read Timing 


Disk Read/Write Timing Parameters (Figures 5, 6) 


T/2 RD/REF CLK High/Low Time 


Tr=Tf RD/REF CLK Rise and 
Fall time 


As* AMD valid to RD/REF CLK * 
Dv RD/REF CLK to NRZ 
Wv* RD/REF CLK to WAM 


NOTE: y Indicates falling edge. % Indicates rising edge. 
“ These specifications are only applicable in the Soft Sector Mode. 


( 
RD/REF CLK Ke Ale 


T/2 


NRZ (read) h 
>> 


Ds ' Dh ! 
' \ 
i] 


AMD 


FIGURE 5: Disk Read Timing 
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' 
RD/REF CLK : 
' 
' 


<P 
i Dv 


\ ne \ 
NRZ (write) ' A ‘ 
t 


{ 
PP — 
WAM ‘ Wy 


a 
i] 


<P 
1 W 


| NOTE:NRZ DATA changes after the rising edge of RD/REF CLK. 


FIGURE 6: Disk Write Timing 


T 


a 7 
Toh RDtorWRNoMOET | 
Taw ADJ0:7] valid to WE y Beet ton ul 
Tao AD[O:7]validtoMOEY =f i 


Tad AD[0:7] valid to BD[0:7] valid | 
Twwh WR to WE t 
Twdh WR to BD[0:7] invalid 


FIGURE 7: Register 70H Read Timing 
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FIGURE 8: Register 70H Write Timing 


Buffer Memory Read/Write Timing Parameters (Figure 9) 


TB 
1 
Vv 

M 

M 


BUFCLK" to MOE 4 ae 
BUFCLK" Vto MOE t a 


TBobf BCLK ¥to BUFCLK ¥ 


NOTE: J Indicates falling edge. f Indicates rising edge. 


* BUFCLK is an internal signal which indicates the period of Buffer Memory Access Cycle. These 
specifications can be tested when the period of BCLK pin is the same as the period of Buffer Memory Access 
Cycles (i.e., Register 7FH, Bits 6 and 7 are 1 and 0, respectively). If the Buffer Memory Access Cycle period 
is programmed to be a multiple of the period of BCLK pin, BUFCLK above refers to the Buffer Memory Access 
Cycles and the falling edge referred to above would be coinciding with the rising edge of the BCLK pin. 
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| 
—P it —TBb 


I 
BUFCLK : ) , 


| 
S, p“—TBbr 


BD [0:7] (buffer write 


; Dis - Dih | 

BDJ0:7] (buffer read) A Oe gs 
| | 
| | 


FIGURE 9: Buffer Memory Read/Write Timing 
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for a static sensitive component. 


CAUTION: Use handling procedures necessary 


Interface 


100-pin QFP 
8-57 
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PACKAGE PIN DESIGNATIONS (Continued) 
(TOP VIEW) | ! 


Buffer Memory Interface 


ToNesgagnSRFekee 


-—-—- 4 


| BD4 re) HDBO  , 
~ SQ. B03 HDB1 
® Om: B02 HDB2 
SEE: so Hoes! 
MQ22' so HGND , 
— , MOE HDB4 

i. WE Hops «| & 

~~ ANT Hops | 

@ | cs HOB7 =, © 

o, WA HDBB oy 

5. Len HDBS 

c! RD HDB10 a 

1 AD? HDB11 , 4 

@ , AD6 HGND , ® 

O, Ads HDBI2 1} 
=! AD4 HDB13 
Q\ Abs HDB14 
Oo, Abz HDB15 
Oy, api HRESET | 
S 1 ADO Tow 
: ALE +5V 


SSBSSSRSSSSTYLS IS SESS RZAAB 


ehobe2se3hee** "BBR SRE 

529 nu OF” = ro 

g 2 — 2 
ras) 

7 ar: . 

: OS, ike ms Came sfems, es ao: Sets aah is Sey naa en, Som tag a 
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Disk Interface 


84-pin PLCC 


Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for 
final design. 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 


reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 
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DESCRIPTION 


The SSI 32C4651 is a CMOS VLSI device which 
integrates major portions of the hardware needed to 
build a PC AT/XT driven hard disk controller. The SSI 
32C4651 is one of the family of Silicon Systems' single 
chip disk controllers. The SSI 32C4651’s place in the 
Silicon Systems' chip family is illustrated in the hierar- 
chy chart in Figure 1. It provides most of the functional 
Circuitry necessary to build an “ATA” embedded disk. 


The SSI 32C4651 is capable of supporting interleaved 
data transfer rate up to 26 Mbit/s. This chip represents 
a major reduction in part count when used with the SSI 
32P4720 Pulse Detector and Data Separator combo, 
the SSI32R2010 Read/Write device, the SSI 32H6520 
Embedded Servo Controller device, and the SSI 
32H6810 Servo and Motor Speed Controller with driv- 
ers implementing a low power and cost efficient 5-chip 


SSI 3204651 
PC AT/XT Combo Disk 
Controller 26 Mbit/s 


Advance Information 


December 1991 


interface block that incorporates an extensive hard- 
ware support — including 24 mA drivers — for the PC 
AT and other compatible interfaces. 


The SSI 32C4651 performs all the controller functions 
for the peripheral device, such as serialization/ 
deserialization; ECC generation and checking on the 
data stream, and CRC generation and checking onthe 
header of the data stream. 


FEATURES 


¢ PC AT/XT Bus Interface 


- Single Chip PC AT/XT Controller 
- Direct bus interface logic with on-chip 
24 mA drivers 
- Logic for daisy chaining 2 embedded ATA 


Neen ieee drive 
set intelligent drive solution for 24 Mbit/s applications. . Saher transfer in single or burst mode 
The SSI 32C4651 includes a dual port Buffer Manager, DMA or PIO modes 
a storage controller, and a high performance AT host - Provides logic to speed up command 
response 
(Continued) 
BLOCK DIAGRAM 


+5V BGND LGND HGN 


py BD 0:7 


p=] WAM/ANIDSECTOR 
INDEX 
INPUT/OUTPUT 

| RG 

e] WG 


SSI 32C4651 


PC AT/XT Combo Disk 
Controller 26 Mbit/s 
FEATURES (continued) - §&-byte stack for header information 
storage 
- Supports 26 Mbit/s concurrent disk . rodrammable sector lenaths u 
transfer on a 3 M words/s PC-AT without teed piledabs, : ta : 
wait states - Two-index counter providing sector |.D. 
¢ Buffer Manager search and retry limits 
- Preset of CRC/ECC generator to either 
- Dual port buffer access with access “Q’s” or “1’s” 
priority resolver 
- Total Buffer Memory throughput to * Microprocessor Interface 
10 MByte/s 
; - Interface to high speed processors — 
- Direct Buffer Memory addressing up to 9 HC11 
64 kB Static RAM 16 MHz 8051 or 12 MHz 68HC 


- Programmable wait state insertion for 
faster microprocessors 
- Provides microprocessor access to 8 


- 4k Buffer segmentation support 
- Provides host overrun control 


* Storage Controller external switch settings 
- Interrupt or polled microprocessor 
- NRZ Data Rates to 26 Mbit/s interface 


- Selectable 16-bit CRC or 32/56 bit ECC 
polynomial with hardware correction ° Others 


circuitry - Internal power down mode 
- Microprocessor based split data field pro- - Operational at +10% of 5V 


cessing logic - Plug and play compatible with the Cirrus 
- Highly programmable Advanced oa SH-260, SH-265 and the SH-266 
pequencer organized Inst xs bytes - Available in 100-pin surface mount QFP 


15 Mbit/s NRZ, 
AT/XT Controller 


SH-260 Compatible 


26 Mbit/s NRZ, 26 Mbit/s, NRZ, 16 Mbit/s, NRZ, 
AT/XT Controller AT/XT Controller 3V Operation 


SH-265 Compatible AT/XT Controller w/RLL SH-266 Compatible SH-266 Compatible 
2, 7 ENDEC, 24 Mbit/s 


32 Mbit/s NRZ, 48Mbit/sNRZ,AT 30 Mbit/s NRZ, AT 32 Mbit/s NRZ,SCS!I 48 Mbit/s NRZ, SCSI 48 Mbit/s NRZ, SCSI 
AT Controller, Controller, Reed Controller, Reed Controller, Reed Controller, Reed Controller, Reed 
56 Bit ECC Solomon ECC Solomon ECC Solomon ECC Solomon ECC Solomon ECC 
3V Operation Dual Bit NRZ 


FIGURE 1: Silicon Systems’ Disk Controller Chip Hierarchy 
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FUNCTIONAL DESCRIPTION 


The four major functional blocks are: 
Microcontroller Interface 
Buffer Memory Interface 
Disk Formatter 
Host Interface 


The SSI 32C4651 includes a control sequencer with a 
writeable control store, buffer RAM controller capable 
of interleaved address generation, direct ATA bus 
connections, and configuration/status registers which 
can be programmed by an external microcontroller. 
The internal hardware also supports automatic looping 
of the sequencer program, and the interrupt circuitry 
relieves the supervising microprocessor of having to 


PIN DESCRIPTION 


The following convention is used in the pin description: 


(lI) denotes an input 
(I/S) denotes a Schmitt trigger input 
(O) denotes an output 
(/O) denotes a bidirectional signal 
(Z) denotes a tri-state output 
denotes an open drain output 


SSI 32C4651 
PC AT/XT Combo Disk 
Controller 26 Mbit/s 


pollon the status registers. Access to the control store 
and registers is accomplished through the micropro- 
cessor interface which is optimized for eight-bit, 
mulitplexed address/data processors such as the Intel 
8051. For a complete description of the program- 
mable registers, refer to the SSI 32C4651 Design 
Guide. 


The device performs all the controller functions for the 
peripheral device, such as serialization/deserialization; 
ECC generation, checking, and correction assistance; 
and CRC generation and checking on the header 
stream. The contention between the host and the disk 
requests for buffer RAM access is internally arbitrated 
and resolved. 


Active low signals are denoted by a bar on top of the signal name and dual function pins are denoted with a slash 


between the two signals: A9/HCS1 , for example. 
GENERAL 


HOST ADDRESS LINES. The Host Address lines A(2:0) and A9 are used to access the 
various PC/AT control/status, and data registers. 

HOST ADDRESS LINE 9/ HOST CHIP SELECT 1. This is a multiplexed input pin. When 
Register 52H, bit 3 is reset this input is HOST ADDRESS LINE 9, when the bit is set this 
input is HOST CHIP SELECT 1. When configured as HCS1 this input is ignored when 


DACK is asserted. 


HOST CHIP SELECT 0. This pin selects access to the control, status and data registers. 
This input is ignored when DACK is asserted. 


16-BIT DATA TRANSFER. An open drain output when active low indicates that a 16-bit 
buffer transfer is active. 

HOST INTERRUPT. Asserted active high to indicate to the Host that the controller needs 
attention. 


I/O CHANNEL READY. Asserted active low whenever the internal host FIFO is not ready 
to transfer data. 


IOCHRDY| O, Z 
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PIN DESCRIPTION (Continued) 
HOST INTERFACE (Continued) — 


[NAME [TYPE] DESCRIPTION. SCS 


DREQ O, Z | DMA REQUEST. The DMA Request signal is asserted active high during DMA transfer 


between the Host and the SSI 32C4651. 
DMA ACKNOWLEDGE. This signal is asserted low by the host during DMA to complete 
| the DMA handshake for data transfer between the host and the controller. 
INPUT READ SELECT. This pin is asserted active low by the Host during a Host read 
operation. When asserted with HCSO , HCS1, or DACK, data from the device is enabled 
onto the host data bus. | 
INPUT WRITE SELECT. Asserted active low by the HOST during a HOST write operation. 
When asserted with HCSO, OT or DACK, data from the host data bus is strobed into 
the device. 
HOST RESET. This signal, when asserted active high, stops all commands in progress 
and initializes the control/status registers — see Design Guide for Register Reset 
conditions. This signal can also “wake up” the device while it is in power down mode. 
HOST DATA BUS. These bits are used for word transfers between the Buffer Memory 
and the Host; bits (7:0) are also used for status, commands, or ECC byte transfers. 


| 1 | INDEX. This inputis a pulse that occurs once per revolution and defines the start of sector 0. 


INPUT/ VO | DISK SEQUENCER INPUT/OUTPUT. A general purpose control (output) and status 

OUTPUT (input) pin configured by the Output Enable Bit of Sequencer Mode Selection Register 77H, 
bit 6. At power-on, this pin is an input. As an input, it can be used to synchronize the disk 
sequencer to an external event. The state of this pin is sampled by reading Formatter 
interrupt Enable Register 7EH, bit 2. As an output, it is controlled by bit 2 of the Control Field 
of the disk sequencer. 


WRITE ADDRESS MARK/SECTOR/ADDRESS MARK DETECT. This pin is configured 
to operate in Hard or Soft Sector mode by initializing the Formatter Mode Selection Register: 
77H, bit 7. Inthe hard sector mode it is used as the sector input —a pulse on this pin indicates 
a sector mark is found. 


In the soft sector mode, a one-bit wide active low output pulse is asserted when formatting 
to allow writing of address mark. When reading, an active low input indicates an address 


mark was detected. The device powers up in soft sector mode. 


READ GATE. This output enables the reading of the disk. It is asserted active high at the 
beginning of the PLO for header and data field by the sequencer Control Field bit 6. It is 
automatically deasserted at the end of the CRC or ECC, when the sequencer processes 
servo gaps between data fragments, or when the sequencer goes to the stopped state. 


WRITE GATE. This active high output enables writing onto the disk. It is asserted and 
deasserted by the sequencer Control Field bits 5 and 7. 
READ/REFERENCE CLOCK. This pin is used in conjunction with the NRZ pin to clock data 


in and out of the SSI 32C4651 device. This input must be glitch-free to ensure correct 
operation of the chip. 


NON RETURN TO ZERO. This signal is the serial read data input from the disk drive when 
the read gate signal is asserted; it is the write data output to the disk drive when the write 
gate signal is asserted. 
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MICROPROCESSOR INTERFACE 


TYPE | DESCRIPTION 


/S_ | RESET. An active low input generates a component reset that holds the internal registers 
of the SSI 32C-4651 at reset, stops all operations within the chip, and deasserts all output 
signals. All input/output signals and Host outputs are set to the high-Z state. 


VS | ADDRESSLATCH ENABLE. This control signal latches the address on the AD 7:0 lines. 

/S | CHIP SELECT. This active high signal must be asserted for all microprocessor accesses 
to the registers of this chip. 

/S | WRITE STROBE. Active low WR and CS assertion causes the data to be written into the 

specified registers from the AD lines. 

/S | READ STROBE. Active low assertion RD and CS causes the data from the specified 
register to be driven on the AD 7:0 lines. 
INTERRUPT. An active low signal which indicates the controller is requesting micropro- 
cessor service. This signal is programmable for either a push-pull with an internal pull up 
resistor or open-drain output circuit. This signal powers up in the high-Z state. Formatter 


Mode Selection Register, 77H: bit 4 set high, disables the pullup onthe output pin, leaving 
an open drain output. This is intended to support multiple interrupt sources. 


/O | ADDRESS/DATA BUS. These lines make up the multiplexed, bidirectional data path to 
the microprocessor. ALE latches register address from this bus with data transferred 
during RD or WR assertion. 


LRDY LOCAL MICROPROCESSOR READY: When this signal is deasserted low, the micropro- 
| cessor inserts wait states to allow time for the chip to respond to the access. Wait states 
are programmed by Auxiliary Control 1 Register — 4FH: bits 7-6. 


BUFFER MANAGER INTERFACE 


BUFFER MEMORY ADDRESS LINES 0:15. These sixteen outputs provide address lines 
for the static memory chips used to implement the buffer memory. 


BUFFER MEMORY DATA BUS. 7 through 0. The bidirectional Data Bus connects the 
buffer RAM to the buffer manager. This bus is designed for high speed data transfer. 


MEMORY OUTPUT ENABLE. This active low output controls the enabling of data onto 
the Data Bus from the RAMs. 


WRITE ENABLE. This active low output signal is used to strobe the data into the RAMs 
from the Data bus. 


SYSTEM CLOCK. This signalis used to synchronize the buffer RAM access, including the 
generation of memory address lines, write enable WE, and memory output enable MOE. 
In power down mode, this signal is shut off from the internal logic and hence buffer memory 
access is inhibited. 
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ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


Maximum limits indicate where a permanent device damage occurs. Continuous operation at these limits is not 
intended and should be limited to those conditions specified in the DC Electrical Characteristics. 


PARAMETER RATING UNIT 


FStorageTerperate —SSSS*T SSCS S| 


DC ELECTRICAL CHARACTERISTICS 


[veo Power Suppiyvotage | S*~*~*«‘dCC 
ric¢ “Supp Curent | Operating SSS 
FiccS Supply cure | notet SSS 


VIL Input Low Voltage 


In powered down, sleep mode 
All interface pins except Host Interface pins. |OL= 2mA. 


1) 
2) 
3) Host Interface pins, |OL=24mA. 
4) Schmitt triggered signals 
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AC CHARACTERISTICS 


The following timings assume that all non-Host Bus output pins will drive one Schottky TTL load in parallel with 
50 pF, all Host Bus output pins will drive a 300 pF load, and all inputs are at TTL levels. The MIN and MAX timings 
conform to the operating ranges of a power supply voltage of 5V+10%, and an ambient temperature of 0°C to 70°C. 


Host DMA 8/16-Bit Interface Timing Parameters (Non-Demand Mode) 


PARAMETER CONDITIONS 


DREQL DREQ low from DACK low 
RDTA 1OR low to HD [0:15] valid 


RDHLD IOR high to HD [0:15] invalid 


RDTRI 1OR hight to HDB [0:15] 
tri-state 


WDS HD [0:15] setup to IOW high 
WDHLD ~— HD [0:15] hold from !OW high 


RWPULSE !OR/IOW pulse width 


RW PULSE 


{ 
HDj0:15} (read) \ 
4 


<.____—___ >>. 
RDATA 


<—_—_>. 
\ 
— = 3 
\ 
! ! 


WwDS WDHLD 


FIGURE 2: Host DMA 8/16-Bit Interface Timing (Non-Demand Mcde) 
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Host DMA 8/16-Bit Interface Timing Parameters (Demand Mode) 


PARAMETER _ | CONDITIONS 


DREQL DREQ low from JOR /IOW low 
DMASET  DACK low to IOR/IOW low 


| NOM _ 
are ed ees 
DACK hold fromTORMOWhigh| | tf 
| RWH — TORMOWhightofORMOWIow| | 50 | 
| RDATA TORlowtoHDfo:t5)vaid | | 
| ROHLD TORhightoHD(o:t5)invaid | | OT 
ee eee 

aes 67 Se 

re Es ee 


HD[0:15] (read) 


HD{[0:15] (write i 
) rn a, Se 

U 

| —_§_§_P 4z_—P' 


FIGURE 3: Host DMA 8/16-Bit Interface Timing (Demand Mode) 
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HOST Programmed I/O 8-16-Bit Timing Parameters (Figure 4) 


PARAMETER CONDITIONS 


CS16L HCSO low, A0:2, AQ low, or 
HCS1 high to 1OCS16 low 


IOCHL —_— TORMOW low to IOCHRDY es 
low 


| JOCHTW* TOCHRDY pulsewidth =| 
| ROTA TOR owtoHDfo:15]vaid | 
| RDHLD TOR hightoHD[0:15) tri-state | 
| WDHLD —HD[0:15}holdfromiOWhigh | 
RWPULSE IOR/OW pulse width ae Fe 


ADRSET ~~ HCS0, A0:2, A9/HCS1, 
setup to IOR/IOW low 


ADRHLD ~~ HCSO, A0:2, A9/HCS1 hold, 
from IOR/IOW high 


HD/0:15} (write 


FIGURE 4: Host Programmed 8/16-Bit Timing 
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Microcontroller Interface Timing Parameters (Figures 5, 6, and 7) : 


PARAMETER CONDITIONS UNITS 
ALE Width 


Ta I Pe es oeecstaenl 
Taw ALE J to WRITE J fe 
Tar ALE J to READ ¥ Ee ee 
w Locos eenie eed 


T WR Width 
Tr RD Width 
As Address AD [0:7] 
valid to ALE 
Ah ALE J to Address 
AD [0:7] invalid 
ALE J to CS valid 


C 


Can [NOM 

se 

ae 

i 

a 

aan Sosa 

of 
" Lae 
ae See 


Write Data AD [0:7] 
valid to WR T 


T RD J to Read Data 
AD [0:7] valid 


Ss 
h 
ds 
Wdh WR T to Write Data 
AD [0:7] invalid 
da 
Tdh RD T to Read AD [0:7] 
float (undriven) 


Tdrdy ALE J and CS T to LRDY J 


AD [0:7] IN y, é >~ > eee ei 
' As ' Ah . 


‘1 Wds Wdh 


FIGURE 5: Register Write Timing 
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FIGURE 6: Register Read Timing 


FIGURE 7: Ready Timing 
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Disk Read/Write Timing Parameters (Figures 8, 9) 


PARAMETER __ CONDITIONS 
T RD/REF CLK Period 
Te RD/REF CLK High/Low Time 


Tr = Tf RD/REF CLK Rise and — 
Fall time 


Ds NRZvalidtoRD/REFCLK*? | sd 


Dh RD/REF CLK To NRZ invalid 
As* AMD valid to RD/REF CLK * 


Dv RD/REF CLK tto NRZ 
Wv* RD/REF CLKtto WAM 


NOTE: y Indicates falling edge. f Indicates rising edge. 


* These specifications are only applicable in the Soft Sector Mode. 


es 
RD/REF CLK fr 4 > 
: T/2 \ 


NRZ (read) A : aN 
<q ——_ >_> 


; Ds Dh ' 


FIGURE 8: Disk Read Timing 


RD/REF CLK / \ j \ 7 


NRZ (write 


WAM 


NOTE: NRZ DATA changes after the rising edge of RD/REF CLK. 


FIGURE 9: Disk Write Timing 
8-70 


1291 


1291 


SSI 32C4651 
PC AT/XT Combo Disk 
Controller 26 Mbit/s 


Register 70H Access Timing Parameters (Figures 10, 11) 


PARAMETER CONDITIONS 
RDyto MOE y 


BD[0:7] valid to AD[0:7] valid 
rh RD tto AD[0:7] invalid 


a ee 
h RD Tor WA tto MOE t a 
poqorivaiaioWEY | 


To 
Td 
T 

To 
Ta 


Ww 
Tao AD[0:7] valid to MOE ¥ 
Tad AD[0:7] valid to BD[0:7] valid 


Twwh WR tto WE * 
Twdh WR tto BD[0:7] invalid 


NOTE: ¥ Indicates falling edge. tIndicates rising edge. 


FIGURE 10: Register 70H Read Timing 
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FIGURE 11: Register 70H Write Timing 


Buffer Memory Read/Write Timing Parameters (Figure 12) 


TB BCLK Period 


BD[0:7] valid to WE't 


eel 
1 
ae 
ss 
Laeger — tp 
Mw -BCLKtoMOEY | 
wh MOEtIo AddressHiod 
Pw ecureWEs 

see 

aia 

—— 


WE to Address Hold 
BD{0:7] valid to MOE* 
MOE to BD[0:7] invalid 


Bacc Buffer Access Period 


MOE Low Time 


1/2 BUFCLK 
Period 


NOTE: J Indicates falling edge. f Indicates rising edge. 


* BUFCLK is an internal signal which indicates the period of Buffer Memory Access Cycle. These 
specifications can be tested when the period of BCLK pin is the same as the period of Buffer Memory Access 
Cycles (i.e., Register 7FH, Bits 6 and 7 are 1 and 0, respectively). The minimum Buffer Access Cycle 


(BUFCLK) is 100 ns. 
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BD [0:7] (buffer write 


BD{0:7] (buffer read) 7 — Ds Dih 


FIGURE 12: Buffer Memory Read/Write Timing 
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PACKAGE PIN DESIGNATIONS 
(Top View) or a static sensitive compo ° 


Host Bus Interface 


BAI 


BA O 


Buffer Memory Interface 


50 
49 
48 
47 
46 
45 
44 
43 } 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 


Disk 
Interface 


jee] 
Oo 
oO 
i] 
par 


INDEX 


INPUT/OUTPUT 


Buffer Memory Interface Microcontroller Interface .__7 _: 
Disk 
Interface 


100-pin QFP 
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DESCRIPTION 


The SSI 32C9000 is a CMOS VLSI device which inte- 
grates major portions of the hardware needed to build a 
PC AT driven hard disk drive. The SSI 32C9000 is one 
of the family of Silicon Systems’ single chip disk 
controllers. The SSI 32C9000’s place in the Silicon 
Systems' chip family is illustrated in the hierarchy chart 
in Figure 1. It provides most of the disk controller 
functional circuitry necessary to build an embedded AT- 
disk drive. 


The SSI 32C9000 is capable of supporting interleaved 
data transfer rate up to 32 Mbit/s. This chip represents 
a major reduction in part count when used with the SSI 
32P3010 Pulse Detector, the SSI 32D5373, the SSI 
32R2010 Read/Write device, and the SSI 32D4661 
Time Base Generator device, implementing a low power 
and cost efficient 5-chip set intelligent drive solution. 


The SSI 32C9000 includes a four port Buffer Manager, 
a storage controller, and a high performance AT host 
interface block that incorporates an extensive hardware 
support — including 24 mA drivers — forthe PC AT and 
other compatible interfaces. 


The SSI 32C9000 performs all the controller functions 
for the peripheral device, such as serialization/ 
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Controller 32 Mbits/s 


‘Advance Information 


December 1991 


deserialization; ECC generation and checking on the 
data stream, and CRC generation and checking on the 
header of the data stream. 


FEATURES 


¢ PC AT Bus Interface 
- Single chip PC AT Controller 


- Direct bus interface logic with on-chip 24 
mA drivers 

- Logic for daisy chaining 2 embedded ATA 
drives 

- Buffertransfer in single or burst mode DMA 
and PIO modes 

- Automatic command decoding of write, 
write multiple, and format commands 

- Supports ATA’s Read Multiple and Write 
Multiple commands 

- Supports Multi-Sector transfers without mi- 
croprocessor intervention 

- Automatic updates of the host task file reg- 
isters in multiple sector transfers 

(Continued) 


BLOCK DIAGRAM 


HOST FIFO 
16 BYTE 


i a 
ee i) ee 
DREQ | | CONTROL 

HRESET | | 


PROCESSOR 
INTERFACE 


me | 


| | STACK 


r] BD (7:0) 


BA16/RAS 


BA17/CAS 
BA (15:0) 


DRAM/SRAM 
CONTROL 


SPLIT FIELD 
SUPPORT 
LOGIC 
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FEATURES (Continued) 


e Buffer Manager 


- Three port buffer access DMA controller 
plus auto refresh 

- Dedicated Host, Disk, and Microprocessor 
Buffer RAM address pointers 

- Total Buffer Memory throughput to 16 
MByte/s for SRAM and 13.3 MByte/s for 
DRAM in Page Mode 

- Direct Buffer Memory addressing up to 256 
kB Static RAM or 1 MByte/s Dynamic RAM 
for various timings and sizes 

-  BufferRAMsegmentation with flexibleseg- 
ment sizes for 256 bytes to 1 MByte/s 

- Auto-reload host address pointers and 
transfer counter 


¢ Storage Controller 


- NRZ Data Rates to 32 MBit/s 

- 16-bit CRC on headers 

- 56-bit Computer Generated Error Correc- 
tion Code on data with “on-the-fly” fast 
hardware assisted correction circuitry 

- (Multiple sector transfer support 

- Supports sector level defect management 

- Sector header or microprocessor based 
split data field processing logic 


26 Mbit/s NRZ, 
AT/XT Control ler 
SH-265 Compatible AT/XT Controller w/RLL 


2, 7 ENDEC, 24 Mbit/s 


32C9000 


AT Controller, 
56 Bit ECC 


Controller, Reed 
Solomon ECC 


Controller, Reed 
Solomon ECC 
3V Operation 


15 Mbit/s NRZ, 
AT/XT Controller 


SH-260 Compatible 


Highly programmable advanced sequencer 
organized in 31 x 5 bytes 

8-byte stack for header information storage 
8-byte disk FIFO 

Supports programmable sector lengths up 
to 64K bytes 

NRZ byte synchronization time out timer 
Three-index counter providing sector I.D. 
search and retry limits 


_ Microprocessor Interface 


Direct connection of mulitplexed or non- 
mux’d bus microprocessors 

Zero wait state internal register access by 
68HC11 at 12 MHz and 80C196 at 16 MHz 
Programmable wait state insertion for 
faster microprocessors 

Low order address latched for direct 
EPROM connection 


Others 


32 Mbit/s NRZ, 48Mbit/sNRZ,AT 30Mbit/sNRZ,AT 32 Mbit/s NRZ, SCSI 
Controller, Reed 
Solomon ECC 


Internal power down mode 
Operational at +10% of 5V 
Available in 100-pin surface mount QFP 


26 Mbit/s, NRZ, 
AT/XT Controller 
SH-266 Compatible 


16 Mbit/s, NRZ, 
3V Operation 


SH-266 Compatible 


32C9022 


48 Mbit/s NRZ, SCSI 48 Mbit/s NRZ, SCSI 
Controller, Reed Controller, Reed 
Solomon ECC Solomon ECC 

Dual Bit NRZ 


FIGURE 1: Silicon Systems’ Disk Controller Chip Hierarchy 
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FUNCTIONAL DESCRIPTION 


The four major functional blocks are: 
Microcontroller Interface 
Buffer Memory Interface 
Disk Formatter 
Host Interface 


The SSI 32C9000 includes a control sequencer with a 
writeable control store, buffer RAM controller capable 
of interleaved address generation, direct ATA bus 
connections, and configuration/status registers which 
can be programmed by an external microcontroller. 
The internal hardware also supports automatic looping 
of the sequencer program, and the interrupt circuitry 
relieves the supervising microprocessor of having to 
poll onthe status registers. Access to the control store 


PIN DESCRIPTION 


The following convention is used in the pin description: 


(I) denotes an input 
(I/S) denotes a Schmitt trigger input 
(O) denotes an output 
(/O) denotes a bidirectional signal 
(Z) denotes a tri-state output 
(OD) denotes an open drain output 


SSI 32C9000 
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and registers is accomplished through the micropro- 
cessor interface which is optimized for eight-bit, 
mulitplexed address/data or non-multiplexed proces- 
sors such as the Intel 80C196 or Motorola 68HC11. 
For a complete description of the programmable 
registers, refer to the SSI 32C9000 Design Guide. 


The device performs all the controller functions for the 
peripheral device, such as serialization/deserialization; 
ECC generation, checking, and assisting the local mi- 
croprocessor in correction of the data stream; and CRC 
generation and checking on the header stream. It also 
has the flexibility of defect management and recovery. 
The contention between the host, the disk request, 
refresh, and microprocessor requests for buffer RAM 
access is internally arbitrated and resolved. 


Active low signals are denoted by a bar on top of the signal name and dual function pins are denoted with a slash 


between the two signals — A9/HCS1. 


GENERAL 


| NAME __| TYPE 
| VDD 


DESCRIPTION 


VDD |__| POWER SUPPLY PIN, VCC 
| GND |__| GROUND 


HOST INTERFACE 


HCSO 
lOCS1 


HINT 
lIOCHRDY 


buffer transfer is active. 


HOST ADDRESS LINES. The Host Address lines A(2:0) and A9 are used to access the 
various PC/AT control/status, and data registers. 

HOST ADDRESS LINE 9/ HOST CHIP SELECT 1. This is a multiplexed input pin. When 
Register 48H bit 3 is reset this input is HOST ADDRESS LINE 9, when the bit is set this 
input is HOST CHIP SELECT 1. When configured as active low HCS1, this input is 
ignored when DACK is asserted. 
HOST CHIP SELECT 0. This pin selects access to the control, status and data registers. 
This active low input is ignored when DACK is asserted. 


16-BIT DATA TRANSFER. An open drain active low output that indicates that a 16-bit 


HOST INTERRUPT. Asserted active high to indicate to the Host that the controller needs 
attention. 

O, Z| IVOCHANNEL READY. Active low, this signal is asserted whenever the internal host FIFO 
is not ready to transfer data | 
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PIN DESCRIPTION (Continued) 
HOST INTERFACE (Continued) 


DMA REQUEST. The active high DMA Request signal is used during DMA transfer 
between the Host and the 32C9000. | 
DMA ACKNOWLEDGE. This active low signal is used during DMA to complete the DMA 
handshake for data transfer between the host and the controller. 
INPUT READ SELECT. This pin is asserted by the Host during a Host read operation. 
When asserted with HCSO , HCS1, or DACK, data from the device is enabled onto the host 
data bus. 
INPUT WRITE SELECT. Asserted active low by the HOST during a HOST write operation. 
When asserted with HCSO, HCS1, or DACK, data from the host data bus is strobed into 
the device. 
HOST RESET. This active high signal stops all commands in progress and initializes the | 
control/status registers — see Design Guide for Register Reset conditions. This signal 
can also “wake up” the device while it is in power down mode. 
VO | HOST DATA BUS. These bits are used for word transfers between the Buffer Memory 
and the Host; bits (7:0) are used for status, commands, or ECC byte transfers. 


INDEX. This inputis a pulse that occurs once per revolution and defines the start of sector 0. 
DISK SEQUENCER INPUT/OUTPUT. A general purpose control (output) and status 
(input) pin configured by the Output Enable Bit of Register 71H, bit 7. At power-on, this 
pin is aninput. As an input, itcan be used to synchronize the disk sequencer to an external 
event. As an output, it is controlled by bit 2 of the Control Field of the disk sequencer. 
WRITE ADDRESS MARK/ADDRESS MARK DETECT/SECTOR. This pin is configured 
to operate in Hard or Soft Sector mode by initializing the Disk Formatter Mode Control 
Register: 4FH, bit 1. In the hard sector mode it is used as the sector input — a pulse on 
this pin indicates a sector mark is found. 

In the soft sector mode, an active low output is asserted when formatting to allow writing 
of address mark. When reading, an active low input indicates an address mark was 
detected. The device powers up in soft sector mode. 
READ GATE. This active high output enables the reading of the disk. It is asserted at the 
beginning of the PLO for header and data field by the sequencer — sequencer Control 
Field bits 5 and 6. It is automatically deasserted at the end of the CRC or ECC. 
WRITE GATE. This active high output enables writing onto the disk. It is asserted and 
deasserted by the sequencer Control Field bits 5 and 6. 
READ/REFERENCE CLOCK. This pin is used in conjunction with the NRZ pin to clock 
data in and out of the SSI 32C9000 device. This input must be glitch-free to ensure correct 
operation of the chip. 
NON RETURN TO ZERO. This signalis the serial read data input from the disk drive when 
the read gate signal is asserted; it is the write data output to the disk drive when the write 
gate signal is asserted. 
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CESSOR INTERFACE 


TYPE | DESCRIPTION 


RESET. An active low asserted input generates a component reset that holds the internal 
registers of the SSI 32C9000 at reset, stops all operations within the chip, and deasserts 
all output signals. All input/output signals and Host outputs are set to the high-Z state. 


ADDRESS LATCH ENABLE/MULTIPLEXED/NON-MULTIPLEXED ADDRESS SELECT. 
When tied high or left floating after reset, the microprocessor interface is configured as non- 
multiplexed. When driven low, then the microprocessor interface is configured as multi- 
plexed. In this case this pin functions as the address latch enable, and the MA(7:0) pins are 
the demultiplexed address outputs. 


= 
| @) 
a 
re) 
mS 
a 
Oo 


> 

a 

= 

z 
ac: 


me) 
ep) 
—| 


WRITE STROBE/READ/WRITE. In the Intel bus mode, when an active low signal is 
present with CS signal high, the data on the ADO:7 is written to the internal registers. 
In the Motorola bus mode, this signal acts as the R/W signal. A high on this input 
along with the RD/DS signal high and the CS signal asserted high indicates a read 
operation. A low on this input along with the RD/DS signal asserted high and the CS 
signal asserted high indicates a write operation. See table below. 


CS WR/R/W RD/DS Action Intel/Moto 


High Low High Write to internal registers. 


| 

High High — High Low Read from internal registers. | 

Low High Low High Write to internal registers. M 

Low High High High ~— Read from internal registers. M 
Low X xX No action. lorM 


Note: X denotes don't care. 


READ STROBE/DATA STROBE. In the Intel bus mode, when an active low signal is 
present with CS signal high, internal registers will be accessed. 


In the Motorola mode, this signal acts as the DS signal. A high onthe DS, R/W, and the 
CS signals, indicates a read operation. Alow on the R/W signal, highs on both the DS and 
the CS, indicates a write operation to the internal registers. 


INTERRUPT. An active low signal indicates the controller is requesting microprocessor 
service. This signal is programmable for either a push-pull with an internal pull up resistor 
or open-drain output circuit. This signal powers up in the high-Z state. Disk Formatter 
Mode Control Register, 4FH: bit 3 set high, programs this pin as a push-pull, and when 
set low programs it as an open drain output signal. 


AD7:0 /QO | ADDRESS/DATA BUS. When configured in the multiplexed mode, these lines are multi- 
plexed, bidirectional address and data path to the microprocessor. During the beginning of 


the memory cycle the bus captures the low order byte of the microprocessor address. These 
lines provide communication with the controller device’s internal registers and the buffer 
memory. 

When configured in the non-multiplexed mode, these lines are bidirectional data lines. 


MA(7:0) vO | MICROPROCESSOR ADDRESS BUS: This 8-bit output bus is the AD(7:0) bus latched by 
the ALE pin during the low order address phase of a multiplexed microprocessor. These 
signals are non-multiplexed address input when used with a non-multiplexed bus micropro- 
cessor. 


z 
aor 
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PIN DESCRIPTION (Continued) 
HCROEROGESSOR INTERFACE (Continued) 


| NAME _|TYPE| DESCRIPTION | 


all READY: When this signal is deasserted low, the microprocessor inserts wait states to 


allow time for the chip to respond to the access. Wait states are programmed by Buffer 
BUFFER MANAGER INTERFACE 


Mode Control Register — 53H: bits 7-6. 
INTEL/MOTOROLA: This signal selects the microprocessor interface to be used. When 
this signal is asserted high, it selects the Intel bus control interface. When this signal is 
deasserted low, it selects the Motorola bus control interface. This signal has an internal 
pull-up to allow the default selection of the Intel bus control interface. 
BAO:15 BUFFER MEMORY ADDRESS LINES 0:15. These sixteen outputs provide address lines 
for the dynamic memory or static memory chips used to implement the buffer memory. 
BUFFER MEMORY ADDRESS 16: In SRAM mode, this pin generates the address:A16 for 
direct connection to a Static RAM address line 16. 
BUFFER ROW ADDRESS STROBE: This active low output signal is generated to strobe 
the row address into the dynamic RAMS. It is intended to be directly tied to the RAM’s input 


READY 


BA16/RAS 


BUFFER MEMORY ADDRESS 17: In SRAM mode, this pin generates the address:A1/7 for 
direct connection to a Static RAM address line 17. 


COLUMN ADDRESS STROBE: This active low output signal is generated to strobe the 
column address into the dynamic RAM devices. 


/O | BUFFERMEMORY DATABUS. 7 through 0. This bidirectional Data Bus connects directly 
to the buffer memory. 


MEMORY OUTPUT ENABLE. This active low output controls the enabling of data onto the 
data bus by the dynamic RAM’s or to indicate when every buffer memory access is active 
in SRAM mode. 


WRITE ENABLE. This active low output signal is used to strobe the data into the RAMs from 
the Data bus. For both buffer memory applications, this line is tied directly to the SRAM or 
DRAM control pin. 


BDO:7 


SYSCLK 


SYSTEM CLOCK. This signal is used to synchronize the buffer RAM access, including the 
generation of memory address lines, write enable WE, and memory output enable MOE. In 
power down mode, this signal is shut off from the internal logic and hence buffer memory 
access is inhibited. 


MEMORY SELECT. This signal is asserted low when there is a read or write access to the 
buffer SRAM. This sonal! is used to deselect the buffer RAM when not in use so that power 
can be saved. 
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ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


Maximum limits indicate where a permanent device damage occurs. Continuous operation at these limits is not 
intended and should be limited to those conditions specified in the DC ee characteristics. 


[Power SuppiyVolage,voe——=~SC~=~“‘*‘dCSC“‘CO™OWCO#*‘«‘dN;#‘#=l_D SV 
| anbiotTemperaue——=S*~=“‘*‘“‘*~*srSC*‘“‘éi SSCS 
a oe ae Se ee 


°C 
Input, Output pins -0.5 to VCC+0.5 a Se 
DC ELECTRICAL CHARACTERISTICS 


PARAMETER CON DITIONS - 


[voc Power Sippy vies 
a 


Output Low Voltage Note 4 


input Capactance | Sd 
COUT Output Capacitance | 


Note: (1) Synchronization and Clock Control Register, 7FH: bits 3 and 4 set. RRCLK and SYSCLK internally 
inhibited. 
(2) Allinterface signals except Schmitt inputs. 
(3) Schmitt triggered signals only. 
(4) All interface pins except Host Interface pins. |OL= 2mA. 
(5) Host Interface pins, |OL=24mA. 


es -=|o/N > 
‘o) Oj tn| © on 


AC ELECTRICAL CHARACTERISTICS 


The following timing assume that all non-Host Bus output pins drive one Schottky TTL load in parallel with 50 
pF, all Host Bus output pins will drive a 300 pF load, and all inputs are at TTL levels. The MIN and MAX timings 
conform to the operating ranges of a power supply voltage of 5V + 10% and an ambient temperature of 0°C to 
70°C. 
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DESCRIPTION 


The SSI 32C9001 is a CMOS VLSI device which 
integrates major portions of the hardware needed to 
build a PC AT driven hard disk controller. The SSI 
32C9001 is one of the family of Silicon Systems' single 
chip disk controllers. The SSI 32C9001’s place in the 
Silicon Systems' chip family is illustrated in the hierar- 
chy chart in Figure 1. It provides most of the functional 
Circuitry necessary to build an “ATA” embedded disk. 


The SSI 32C9001 is capable of supporting interleaved 
data transfer rate up to 48 Mbit/s. This chip represents 
a major reduction in part count when used with the SSI 
32P3000 Pulse Detector and Filter combo, the SSI 
32R2010 Read/Write device, SSI 32D5391 Data 
Separator, and the SSI 32H4631 Servo and Motor 
Speed Controller device, implementing a low power 
and cost efficient 5-chip set Multiplexed Microproces- 
sors drive solution for 48 Mbit/s applications. 
(Continued) 
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Advance Information 


December 1991 


FEATURES 


¢ PC AT Bus Interface 


- Single Chip PC AT Controller 

- Direct bus interface logic with on-chip 
24 mA drivers 

- Logic for daisy chaining 2 embedded 
ATA drives 

- Supports 48 Mbit/s concurrent disk trans- 
ferona6Mwords/s PC-ATin PlO or single 
or EISA compatible burst DMA mode — 
type B 

- Automatic command decoding of write, 
write multiple, and format commands. 

- Automatic updates of the host task file 
registers in multiple sector transfers 


e Buffer Manager 


- Supports Buffer Memory throughput to 20 
Mbytes/s SRAM or 17.2 Mbytes/s DRAM 

- Direct Buffer Memory addressing up to 
256 kB Static RAM or 1 MB Dynamic RAM 


for various timings and sizes 
(Continued) 
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DESCRIPTION (continued) ¢ Storage Controller 

The SSI32C9001 includes a dual port Buffer Manager, - NRZ Data Rates up to 48 Mbit/s 

a storage controller, and a high performance AT host - Selectable 16-bit CRC or 88 bit ECC poly- 
interface block that incorporates an extensive hard- nomial with “on-the-fly” fast hardware cor- 
ware support — including 24 mA drivers — for the PC rection circuitry 

AT and other compatible interfaces. - Multiple sector transfer support without 


microprocessor intervention 

- Highly programmable Advanced se- 
quencer organized in 31 x 5 bytes 

- Support sector level defect management 

- Sector header or microprocessor based 
split data field processing logic 


FEATURES (continued) ¢ Microprocessor Interface 
- Supports both multiplexed and non-multi- 


¢ Buffer Manager (continued) plexed microprocessor support 
- Buffer RAM segmentation with flexible - Separate host and disk interrupts 


segment sizes from 256 bytes to 1Mbyte/s_ Others 
- Dedicated Host, Disk, and Microprocessor 
Buffer RAM address pointers - Internal power down mode 
- Operational at +10% of 5V 
- Available in 100-pin surface mount QFP 


The SSI 32C9001 performs all the controller functions 
for the peripheral device, such as Serialization/ 
deserialization; ECC generation and checking on the 
data stream, and CRC generation and checking onthe 
header of the data stream. 


15 Mbit/s NRZ, ° 
AT/XT Controller 


SH-260 Compatible 


26 Mbit/s NRZ, 26 Mbit/s, NRZ, 16 Mbit/s, NRZ, 
AT/XT Controller AT/XT Controller 3V Operation 


SH-265 Compatible AT/XT Controller wW/RLL SH-266 Compatible SH-266 Compatible 


2, 7 ENDEC, 24 Mbit/s 


32 Mbit/s NRZ, 48MbitsNRZ,AT 30Mbit/sNRZ,AT 32Mbits NRZ,SCSI 48 Mbit/s NRZ,SCSI 48 Mbit/s NRZ, SCSI 
AT Controller, Controller, Reed Controller, Reed Controller, Reed Controller, Reed Controller, Reed 
56 Bit ECC Solomon ECC Solomon ECC Solomon ECC Solomon ECC Solomon ECC 
3V Operation Dual Bit NRZ 


FIGURE 1: Silicon Systems’ Disk Controller Chip Hierarchy 
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FUNCTIONAL DESCRIPTION 


The four major functional blocks are: 
Microcontroller Interface 
Buffer Memory Interface 
Disk Formatter 
Host Interface 


The SSI 32C9001 includes a control sequencer with a 
writeable control store, buffer RAM controller capable 
of interleaved address generation, direct ATA bus 
connections, and configuration/status registers which 
can be programmed by an external microcontroller. 
The internal hardware also supports automatic looping 
of the sequencer program, and the interrupt circuitry 
relieves the supervising microprocessor of having to 


PIN DESCRIPTION 


The following convention is used in the pin description: 


(1) denotes an input 

(l/S) denotes a Schmitt trigger input 
(O) denotes an output 

(l/O) denotes a bidirectional signal 
(Z) denotes a tri-state output 

(OD) denotes an open drain output 


SSI 32C9001 
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poll on the status registers. Access to the control store 
and registers is accomplished through the micropro- 
cessor interface which is optimized for eight-bit, 
mulitplexed address/data processors such as Intel's 
80C196 or non-multiplexed microprocessors — such 
as Motorola’s 68HC11. For a complete description 
of the programmable registers, refer to the SSI 
32C9001 Design Guide. 


The device performs all the controller functions for the 
peripheral device, such as_ serialization/ 
deserialization; ECC generation, checking, and cor- 
rection assistance; and CRC generation and checking 
onthe header stream. It also has the flexibility of defect 
management and recovery. The contention between 
the host, disk, microprocessor, and refresh requests 
for buffer RAM access is internally arbitrated and 
resolved. 


Active low signals are denoted by a bar on top of the signal name and dual function pins are denoted with a 


slash between the two signals — A9/HCS1. 


GENERAL 


GROUND 


ee ie 
Ce Oe ae 


HOST ADDRESS LINES. The Host Address lines A(2:0) and A9 are used to access the 
various PC/AT control/status, and data registers. 


HOST ADDRESS LINE 9/HOST CHIP SELECT 1. This is a multiplexed input pin. When | 


Register 48H-bit 3 is reset this input is HOST ADDRESS LINE 9, when the bit is set this 
inputis HOST CHIP SELECT 1. When configured as active low HCS1, this input is ignored 


when DACK is asserted. 


HOST CHIP SELECT 0. This pin selects access to the control, status and data registers. 
This active low input is ignored when DACK is asserted. 


16 BIT DATA TRANSFER. An open drain active low output that indicates that a 16-bit 
buffer transfer is active. 


HOST INTERRUPT. Asserted active high to indicate to the Host that the controller needs 


attention. 
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PIN DESCRIPTION (Continued) 
HOST INTERFACE (Continued) 


| NAME | TYPE| DESCRIPTION 


IOCHRDY| O,Z | I/O CHANNEL READY. Active low, this signal is asserted whenever the intemal host 
FIFO is not ready to transfer data. 
O,Z | DMA REQUEST. The active high DMA Request signal is used during DMA transfer 
between the Host and the SSI 32C9001. 
DMA ACKNOWLEDGE. This active low signal is used during DMA to complete the DMA 
handshake for data transfer between the host and the controller. 


INPUT READ SELECT. This active low pin is asserted by the Host during a Host read 
operation. When asserted with HCSO , HCS1, or DACK, data from the device is enabled 
onto the host data bus. 


INPUT WRITE SELECT. Asserted active low by the HOST during a HOST write operation. 
When asserted with HCSO , HCS1, or DACK, data from the host data bus is strobed into 
the device. 


5 O 
Be) 
m 
O 


re) 
= 


HRESET | I/S | HOST RESET. This active high signal stops all commands in progress and initializes the 
control/status registers — see Design Guide for Register Reset conditions. This signalcan | 


also “wake up” the device while it is in power down mode. 
I/O | HOST DATA BUS. These bits are used for word transfers between the Buffer Memory 
and the Host; bits (7:0) are used for status, commands, or ECC byte transfers. 


DISK INTERFACE 


gang 
al 
oO WD 


INDEX INDEX. This input is a pulse that occurs once per revolution and defines the start of 
INPUT/ VO | DISK SEQUENCER INPUT/OUTPUT. A general purpose control (output) and status 
(input) pin configured by the Output Enable Bit of Register 71H, bit 7. 

OUTPUT 
sequencer to an external event. As an output, it is controlled by bit 2 of the Control Field 
of the disk sequencer. 
to operate in Hard or Soft Sector mode by initializing the Disk Formatter Mode Control 
Register: 4FH, bit 1. In the hard sector mode it is used as the sector input — a pulse on 


sector 0. 

At power-on, this pin is an input. As an input, it can be used to synchronize the disk 
WAM/ /O | WRITE ADDRESS MARK/SECTOR/ADDRESS MARK DETECT. This pin is configured 

this pin indicates a sector mark is found. 


In the soft sector mode, an active low output is asserted when formatting to allow wilting 
of address mark. When reading, an active low input indicates an address mark was 
detected. The device powers up in soft sector mode. 


READ GATE. This active high output enables the reading of the disk. It is asserted at the 
beginning of the PLO for header and data field by the sequencer — sequencer Control 
Field bits 5 and 6. It is automatically deasserted at the end of the CRC or ECC. 


WRITE GATE. This active high output enables writing onto the disk. It is asserted and 
deasserted by the sequencer Control Field bits 5 and 6. 
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DISK ees (Continued) 


| NAME | TYPE| DESCRIPTION a 


RRCLK V/S | READ/REFERENCE CLOCK. This pin is used in conjunction with the NRZ pin to clock 
data in and out of the SS! 32C9001 device. This input must be glitch-free to ensure correct 


operation of the chip. 
MICROPROCESSOR INTERFACE 


NON RETURN TO ZERO. This signalis the serial read data input from the disk drive when 
the read gate signal is asserted; it is the write data output to the disk drive when the write 
gate signal is asserted. 


RESET. An asserted active low input generates a component reset that holds the internal 
registers of the SSI 32C9001 at reset, stops all operations within the chip, and deasserts 
all output signals. All input/output signals and Host outputs are set to the high-Z state. 


ADDRESS LATCH ENABLE/MULTIPLEXED/NON-MULTIPLEXED ADDRESS SE- 
LECT. When tied high or left floating after reset, the microprocessor interface is configured 
as non-multiplexed. When driven low, then the microprocessor interface is configured as 
multiplexed. in this case this pin functions as the address latch enable, and the MA(7:0) 
pins are the demultiplexed address outputs. 


WRITE STROBE/READ/WRITE. Inthe Multiplexed Microprocessors bus mode, when an 
active low signal is present with CS signal asserted high, the data on the ADO:7 is written 
to the internal registers. 


In the Non-Multiplexed Microprocessors bus mode, this signal acts as the R/W signal. A 
high on this input along with the RD/DS signal high and the CS signal asserted high 
indicates a read operation. A low on this input along with the RD/DS signal asserted and 
the CS signal asserted high indicates a write operation. See table below. 


VMC CS  WR/R/W_) RD/DS Action Mux/Non-Mux 


High High Low High Write to internal registers. M 
High High High Low Read from internal registers. M 
Low High Low High Write to internal registers. N 
Low High High High Read from internal registers. N 


Low X X No action. Mor N 
Note: X denotes don’t care. 


READ STROBE/DATA STROBE. Inthe Multiplexed Microprocessors bus mode, when an 
active low signal is present with CS signal high, internal registers will be accessed. 


In the Non-Multiplexed Microprocessors mode, this signal acts as the DS signal. A high | 
onthe DS, R/W, and the CS signals, indicates a read operation. A low on the R/W signal, 
highs on both the DS and the CS, indicates a write operation to the internal registers. 


INTERRUPT. An active low signal indicates the controller is requesting microprocessor 
| service from the disk side. This signal is programmable for either a push-pull with an 
internal pull up resistor or open-drain output circuit. This signal powers up in the high-Z 
state. Disk Formatter Mode Control Register, 4FH: bit 3 set high, programs this pin as a 
push-pull, and when set low programs it as an open drain output signal. 


1291 - rev. 8-87 


SSI 32C9001 
PC-AT Combo Controller 
With Reed Solomon, 48 Mbit/s 


MICROPROCESSOR INTERFACE (Continued) 


JNAME [TYPE|DESCRIPTION, 


ADDRESS/DATA BUS. When configured in the Multiplexed Microprocessors mode, 
these lines are multiplexed, bidirectional data path to the microprocessor. During the 
beginning of the memory cycle the bus captures the low order byte of the microprocessor 
address. These lines provide communication with the controller device’s internal registers 
and the buffer memory. 


When configured in the Non-Multiplexed Microprocessors mode, these lines are bidirec- 
tional data lines. 


MICROPROCESSOR ADDRESS BUS: This 8-bit output bus is the AD(7:0) bus latched — 
by the ALE pin during the low order address phase of an Multiplexed Microprocessors type 
microprocessor cycle. These signals are nonmultiplexed address input when used with a 
non-multiplexed bus microprocessor — Non-Multiplexed Microprocessors interface. 


READY: When this signal is deasserted low, the microprocessor inserts wait states to 
allow time for the chip to respond to the access. Wait states are programmed by Buffer 
Mode Control Register — 53H: bits 7-6. 


AT BUS INTERRUPT. An active low signal indicates the controller is requesting micro- 
processor service from the AT host bus side. This signal is programmable for either a 
push-pull with an internal pull up resistor or open-drain output circuit. This signal powers 
up in the high-Z state. Disk Formatter Mode Control Register, 4FH: bit 3 set high, 
programs this pin as a push-pull, and when set low programs it as an open drain output 

signal. | 


INTEL/MOTOROLA: This signal selects the microprocessor interface to be used. When 
this signal is asserted high, it selects the Intel bus control interface. When this signal is 
deasserted low, it selects the Motorola bus control interface. This signal has an internal 
pull-up to allow the default selection of the Intel bus control interface. 


BUFFER MANAGER INTERFACE 


BUFFER MEMORY ADDRESS LINES 0:15. These sixteen outputs provide address lines 
for the dynamic memory or static memory chips used to implement the buffer memory. 


BUFFER MEMORY ADDRESS 16: In SRAM mode, this pin generates the address:A16 
for direct connection to a Static RAM address line 16. 


BUFFER ROW ADDRESS STROBE: This active low output signal is aaneiaied to strobe 
the row — high order — address into the dynamic RAMs. It is intended to be directly tied 
to the RAMs input control pin. 


BUFFER MEMORY ADDRESS 17: In SRAM mode, this pin generates the address:A17 
for direct connection to a Static RAM address line 17. 


COLUMN ADDRESS STROBE: This output signal is generated to strobe the colin — 
low order address — into the dynamic RAM devices. 
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BUFFER MANAGER INTERFACE (Continued) 


MEMORY OUTPUT ENABLE. This active low output controls the enabling of data onto 
the data bus by the dynamic RAMs or to indicate when every buffer memory access is 
active in SRAM mode. 


WRITE ENABLE. This active low output signal is used to strobe the data into the RAMs 
from the Data bus. For both buffer memory applications, this line is tied directly to the 


| SRAM or DRAM control pin. 


| SYSTEM CLOCK. This signal is used to synchronize the buffer RAM access, including 
the generation of memory address lines, write enable WE, and memory output enable | 
MOE. In power down mode, this signal is shut off from the internal logic and hence buffer 
memory access is inhibited. 


Memory selected, asserted active low. 


ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 


Maximum limits indicate where permanent device damage occurs. Continuous operation at these limits is not 
intended and should be limited to those conditions specified in the DC operating characteristics. 


PARAMETER 

Power Supply Voltage, VCC 
Ambient Temperature 
Storage Temperature -65 to 150 

Power Dissipation 22 


IL Input Leakage Current 0 < VIN < VCC 
CIN Input Capacitance 
COUT Output Capacitance 


Note: (1) Synchronization and Clock Control Register, 7FH: bits 3 and 4 set. RRCLK and SYSCLK 
internally inhibited. 
(2) All interface pins except Host Interface pins. IOL= 2mA. 
(3) Host Interface pins, IOL=24mA. 
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DESCRIPTION 


The SSI 32C9010 is a CMOS VLSI device which inte- 
grates major portions of the hardware needed to build a 
SCSI driven hard disk drive. The SSI 32C9010 is one of 
the family of Silicon Systems’ single chip disk control- 
lers. The SS! 32C9010’s place in the Silicon Systems’ 
chip family is illustrated in the hierarchy chart in Figure 
1. It provides most of the disk controller functional 
Circuitry necessary to build an embedded SCSI-disk 
drive. 


The SSI 32C9010 is capable of supporting interleaved 
data transfer rate up to 32 Mbit/s. This chip represents 
a major reduction in part count when used with the SS! 
32P3000 Pulse Detector, the SSI 32D537, the SSI 
32R2010 Read/Write device, and the SS! 32H4631 
Servo and Motor Speed Controller device, implement- 
ing a low power and cost efficient 5-chip set 32 Mbit 
intelligent drive solution. 

The SSI 32C9010 includes a four port Buffer Manager, 
a storage controller and an extensive hardware support, 
including 48 mA drivers, for the SCSI and other compat- 
ible interfaces. 


The SSI 32C9010 performs ail the controller functions 
for the peripheral device, such as serialization/ 
deserialization; ECC generation and checking on the 
data stream, and CRC generation and checking on the 
header of the data stream. 


SSI 32C9010 
SCSI Combo Controller 


32 Mbit/s; single bit NRZ interface 


Advance Information 


December 1991 


FEATURES 


SCSI Bus Interface 


ANSI X3.131-1990 Rev 10C SCSI-2 specifl- 
cation for target devices 

Direct bus interface logic with on-chip 
48 mA drivers 

Synchronous transfer rates up to 

10 Mbyte/s; 5 Mbyte/s asynchronous 
Parity generation and checking 

High level SCSI sequences without micro- 
processor intervention 

4-byte Command FIFO supports execution 
of multiple commands 

Supports SCSI-2 tagged queuing 

SCSI CDB Group Codes decoded 
“on-the-fly” 

Sixteen-byte data FIFO between the DMA 
and SCSI channel 

SCSI autodisconnect and reconnect opera- 


tion supported 
oe (Continued) 
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FEATURES (Continued) 


Buffer Manager 


Buffer Memory throughput to 20 MByte/s 
for SRAM and 17.2 MByte/s for DRAM in 
Page Mode 


Guaranteed to correct one 31-bit burst or 
two 11-bit bursts 

Hardware on-the-fly correction selectable 
between 11 or 31-bit single burst error 
within a quarter sector time 

Detects up to 51-bit burst or three 11-bit 


- Up to 256 kB Static RAM or 1MB Dynamic burst 
_ RAM support - Multiple sector transfer support 
- BufferRAMsegmentation with flexible seg- - Sector header or microprocessor based 
ment sizes for 256 bytes to 1MBytes split data field processing logic 
- Dedicated Host, Disk, and Microprocessor - Advanced sequencer organized in 31 x 5 
Buffer RAM address pointers bytes 


- Internal buffer protection circuit provides =. jicroprocessor Interface 


parler ipiegity - Supports both Multiplexed or Non-multi- 
* Storage Controller plexed family of microprocessors 

- NRZDataRatesto32Mbit/s-- single bit NRZ - Separate disk and host interrupts 
interface to the Data Separator © Others 

- 88-bit Reed Solomon with “on-the-fly” fast 
hardware correction circuitry 

- Capable of correcting four 10-bit symbols 
in error 


- Internal power down mode 
- Available in 100-pin QFP 


15 Mbit/s NRZ, 
AT/XT Controller 


SH-260 Compatible 


26 Mbit/s NRZ, 3204651 | 26Mbit/s, NRZ, 16 Mbit/s, NRZ, 
AT/XT Controller AT/XT Controller 3V Operation 


SH-265 Compatible SH-266 Compatibie - SH-266 Compatible 


AT/XT Controller wW/RLL 
2, 7 ENDEC, 24 Mbit/s 


32 Mbit/s NRZ, 48Mbit/sNRZ,AT 30Mbit/sNRZ,AT 32Mbit/s NRZ,SCSI 48 Mbit/s NRZ, SCSI 48 Mbit/s NRZ, SCSI 
AT Controller, Controller, Reed Controller, Reed Controller, Reed Controller, Reed Controller, Reed 
56 Bit ECC Solomon ECC Solomon ECC Solomon ECC Solomon ECC Solomon ECC 
3V Operation Dual Bit NRZ 


FIGURE 1: Silicon Systems’ Disk Controller Chip Hierarchy 
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FUNCTIONAL DESCRIPTION status registers. Access to the control store and regis- 
ters is accomplished through the microprocessor inter- 
face which is optimized for eight-bit, mulitplexed ad- 
Microcontroller Interface dress/data or non-multiplexed processors such as the 
Buffer Memory Interface Intel 800196 or Motorola 68HC11. For a complete 
description of the programmable registers, refer to 
the SSI 32C9010/9020 Design Guide. 


The device performs all the controller functions for the 
peripheral device, such as serialization/deserialization; 
ECC generation, checking, and correction on the data 
stream; and CRC generation and checking on the 
header stream. It also has the flexibility of defect man- 
agement and recovery. The contention between the 
host request and the disk request for buffer RAM access 
is internally arbitrated and resolved utilizing data FIFOs. 


The four major functional blocks are: 


Disk Formatter 
Host Interface 


The SSI 32C9010 includes a control sequencer with a 
writeable control store, buffer RAM controller capable of 
interleaved address generation, direct SCSI bus con- 
nections, and configuratiorn/status registers which can 
be programmed by an external microcontroller. The 
internal hardware also supports automatic looping of the 
sequencer program, and the interrupt circuitry relieves 
the supervising microprocessor of having to poll on the 


PIN DESCRIPTION 


The following convention is used in the pin description: 
(I) denotes an input 
(O) denotes an output 
(Z) denotes a tri-state output 
(OD) denotes an open drain output 


GENERAL 


| NAME |TYPE| DESCRIPTION 
POWER SUPPLY PIN. VCC 


ae 
Dano |__| GROUND 


HOST INTERFACE 


|__| ATTENTION. This active low signal is used by the initiator to request a message out phase | 


‘ ACKNOWLEDGE. This active low signal is used in the handshake protocol to indicate the 


completion of a data byte transfer. 

ae SCSI RESET. This active low signal is used to reset the SCSI controller. 
MESSAGE. This active low signal is used to indicate a message phase. 
COMMANDIDATA. This signal is used to indicate either a command or data phase. 


REQUEST. This active low signal is used in the handshake protocol to initiate a data byte 
transfer. 


si INPUT/OUTPUT. This signal is used to indicate the direction of data transfer. 


SDBP 
SDB7- 
AIN 
BSY 
ACK 
SRST 
MSG 
SEL 
/D 
REQ 
vO 


SCSI PARITY ENABLE. This active high signal is used to enable parity checking of the 
SCSI data bus. Parity checking is disabled when this pin is held low. 


U a1] M 

> 

D 

m 

za oO} 
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PIN DESCRIPTION (Continued) 
DISK INTERFACE _ 


[NAME [TYPE] DESCRIPTION ae 
GPIO 0-2 INPUT/OUTPUT. These pins are used to indicate the SCSI ID of the target device. The | 
pins can be programmed as outputs for test purposes only. 


INDEX re INDEX. Input for index pulse received from the drive. 


INPUT/ VO | DISKSEQUENCERINPUT/OUTPUT. Ageneralpurpose control (output) and status (input) 
OUTPUT pin configured by the Output Enable Bit of Register 71H, bit 7. | 

At power-on, this pin is an input. As an input, it can be used to synchronize the disk 

sequencer to an external event. As an output, it is controlled by bit 2 of the Control Field of 

the disk sequencer. 


WRITE ADDRESS MARK/SECTOR/ADDRESS MARK DETECT. This pin is used in the 
hard sector mode as the sector input. A pulse on this pin indicates a sector mark is found. 
In the soft sector mode, a low level output is asserted during write gate to indicate writing 
of address mark. During read, a low-level input indicates an address mark was detected. 
The device powers up in soft sector default mode. 


READ GATE. During disk data read, this pin is asserted. Active high. 
WRITE GATE. During disk data write, this pin is asserted. Active high. 


READ/REFERENCE CLOCK. This pinis used in conjunction with the NRZ pinto clock data 
in and out of the SSI 32C9010 device. 


NON RETURN TO ZERO. This signal is the read data input from the disk drive when the 
read gate signal is asserted; it is the write data output to the disk drive when the write gate 
signal is asserted. 


/O 
/O 


RESET. Anasserted low input generates acomponent reset that holds the internal registers 
of the SSI 32C9010 at reset, stops all operations within the chip, and deasserts all output 
signals. All input/output signals are set to the high-Z state during this signal. 


ADDRESS LATCH ENABLE/MULTIPLEXED/NON-MULTIPLEXED ADDRESS SELECT. 
When tied high or left floating after reset, the microprocessor interface is configured as non- 
multiplexed. When driven low, then the microprocessor interface is configured as multi- 
plexed. Inthis case this pin functions as the address latch enable, and the MA(7:0) pins are 
the demultiplexed address outputs. 


a 4 i CHIP SELECT. Active high signal, when asserted, the internal registers of the SSI32C9010 


can be accessed. 


WRITE STROBE/READ/WRITE. Inthe Intel bus mode, when an active low signalis present 
with CS signal high, the data is written to the internal registers. 


In the Motorola.bus mode, this signal acts as the R/W signal. 
READ STROBE/DATA STROBE. In the Intel bus mode, when an active low signal is 
present with CS signal high, internal register data is read. 

In the Motorola mode, this signal acts as the DS signal. DS when active high is data strobe. 
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MICROPROCESSOR INTERFACE (Continued) 


[NAME |TYPE|DESCRIPTION, 


DISK INTERRUPT. An active low signal indicates the controller is requesting microproces- 
sor service from the disk side. This signal is programmable for either a push-pull or open- 
drain output circuit. This signal powers up in the high-Z state. Register 4F bit 3 when set 
to one enables the pull-up. This signal is also programmable to be either an active high or 
low interrupt. 


| SCSI INTERRUPT. This signal is generated by the SCSI controller and is an interrupt line 
to the microprocessor. It is programmable for either a push-pull or open drain output circuit. 
This signal powers up in the high-Z state. The interrupt is sourced from the SCSI Interrupt 
Register. Register 4F bit 7 enables the pull-up. 


ADDRESS/DATA BUS. When configured in the Intel mode, these lines are multiplexed, 
bidirectional microprocessor register address and data lines. 


When configured in the Motorola mode, these lines are bidrectional data lines. 


MICROPROCESSOR ADDRESS BUS: These signals are nonmultiplexed address input or 
latched address output lines. 


READY: When this signal is deasserted low, the microprocessor shall insert wait states to 
allow time for the chip to respond to the access. 


INTEL/MOTOROLA: This signal selects the microprocessor interface to be used. When this 
signal is asserted high, it selects the Intel bus control interface. When this signal is 
deasserted low, it selects the Motorola bus control interface. This signal has an internal pull- 
up to allow the default selection of the Intel bus control interface. 


BUFFER MANAGER INTERFACE 


BUFFER MEMORY ADDRESS LINES 0:15. Active high, for direct connection to a Static 
or Dynamic RAM address lines 0:15. 


BUFFER MEMORY ADDRESS 16: In SRAM mode, for direct connection to a Static RAM 
address line 16. 

ROW ADDRESS STROBE: In DRAM mode, direct connection to a Dynamic RAM Row 
Address Strobe signal. 


BUFFER MEMORY ADDRESS 17: In SRAM mode, for direct connection to a Static RAM 
address line 17. 


ROW ADDRESS STROBE: In DRAM mode, active low, for direct connection to a Dynamic 
RAM Column Address Strobe signal. 


VO | BUFFER MEMORY DATA BUS. 7 through 0. Buffer data bus that connects directly to the 
buffer RAM data lines. 


BUFFER MEMORY DATA PARITY. This signal provides odd parity for the buffer memory 
data bus during transfers to/from the buffer memory to the buffer RAM. 


MEMORY OUTPUT ENABLE. This signal is asserted low only for buffer memory read 
operations. 


WRITE ENABLE. Active low, write enable for the buffer RAM. 


SYSTEM CLOCK. This signal is used to synchronize the buffer RAM access, including the 
generation of memory address bits, write enable WE, and memory output enable MOE. 


SYSCLK 
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ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


Maximum limits indicate where permanent device damage occurs. Continuous operation at these limits is not 
intended and should be limited to those conditions specified in the DC operating characteristics. 


PARAMETER RATING UNIT 
7 


0 
storage Temperate —=*=“‘=C*#dCSO#~#~‘SSWONSOCO*YSSC 


ELECTRICAL CHARACTERISTICS 


PARAMETER CONDITIONS 


VIL Input Low Voltage 
VOIH Input High Voltage 


VOL Output Low Voltage All pins except SCSI interface, 
lOL =2mA 

VOL Output Low Voltage SCSI interface pins, 
lIOL = 48 mA 


VOH Output High Voltage IOH = -400 pA 
IL Input Leakage Current 0<VIN<VCC - 


Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for 
final design. | 
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of third parties resulting from its use. No license is granted under any patents, patent rights or ttademarks of Silicon Systems. Silicon Systems 
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DESCRIPTION 


The SSI 32C9020 is a CMOS VLSI device which inte- 
grates major portions of the hardware needed to build a 
SCSI driven hard disk drive. The SSI 32C9010 is one of 
the family of Silicon Systems’ single chip disk control- 
lers. The SSI 32C9020’s place in the Silicon Systems’ 
chip family is illustrated inthe hierarchy chart in Figure 1. 
It provides most of the disk controller functional circuitry 
necessary to build an embedded SCSI-disk drive. 

The SSI 32C9020 is a CMOS VLSI! device which inte- 
grates the major portion of the hardware needed to build 
a SCSI driven hard disk controller. The SSI 32C9020 is 
capable of supporting interleaved data transfer rate up 
to 48 Mbit/s. This chip represents a major reduction in 
part count when used with the SSI 32P3000 Pulse 
Detector and Filter Combo, the SSI 32D5391, the SSI 
32R2010 Read/Write device, and the SSI 32H4631 
Servo and Motor Speed Controller device, implement- 
ing a cost efficient, high performance, 5-chip set intelli- 
gent drive solution. 

The SSI 32C9020 includes a four port Buffer Manager, 
a storage controller and an extensive hardware support, 
including 24 mA drivers, for the SCS! and other compat- 
ible interfaces. 


The SSI 32C9020 performs all the controller functions 
for the peripheral device, such as serialization/ 
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deserialization; ECC generation and checking on the 
data stream, and CRC generation and checking on the 
header of the data stream. 


FEATURES 


¢ SCSI Bus Interface 


- ANSI X3.131-1990 Rev 10C SCSI-2 specifi- 
cation for target devices 

- Direct bus interface logic with on-chip 
48 mA drivers 

- Synchronous transfer rates up to 
10 Mbyte/s; 5 Mbyte/s asynchronous 

- Parity generation and checking 

- High level SCSI sequences without micro- 
processor intervention 

- 4-byte Command FIFO supports execution 
of multiple commands 

- Supports SCSI-2 tagged queuing 

- SCSI CDB Group Codes decoded 
“on-the-fly” 

- Sixteen-byte data FIFO between the DMA 
and SCSI channel 

- $CSlautodisconnect and reconnect opera- 


tion supported (Continued) 


BLOCK DIAGRAM 


HOST DATA BUS 


” BUFFER MANAGER | 


| 
DATA & 
PP} MULTIPLEXER L 


ARBITRATOR 
DRAM/SRAM 


aS CONTROL 


(7 Ea re uEnd —O oc 
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FEATURES (Continued) - Guaranteed to correct one 31-bit burst or 


two 11-bit bursts 
e 
Buffer Manager - Hardware on-the-fly correction selectable 


- Buffer Memory throughput to 20 MByte/s between 11 or 31-bit single burst error 
for SRAM and 17.2 Mbyte/s for DRAM in within a quarter sector time 
Page Mode. - Detects up to 51-bit burst or three 11-bit 

- Up to 256 kB Static RAM or 1MB Dynamic burst | 3 
RAM support - Multiple sector transfer support 

- BufferRAMsegmentation with flexible seg- - Sector header or microprocessor based 
ment sizes for 256 bytes to 1MByte split data field processing logic 

- Dedicated Host, Disk, and Microprocessor - Advanced sequencer organized in 31 x 5 
Buffer RAM address pointers bytes 

- Internal buffer protection circuit provides 


¢ Microprocessor interface 


- Supports both multiplexed or non-multi- 
plexed family of microprocessors 
- Separate host and disk interrupts 


buffer integrity 
¢ Storage Controller 
- NRZDataRatesto48Mbit/s-- single bit NRZ 


interface to the Data Separator . 
- 88-bit Reed Solomon with “on-the-fly” fast Others 


hardware correction circuitry - _ Internal power down mode 
- Capable of correcting four 10-bit symbols - Available in 100-pin QFP 
In error 


15 Mbit/s NRZ, 
AT/XT Controller 


SH-260 Compatible 


26 Mbit/s NRZ, 26 Mbit/s, NRZ, 16 Mbit/s, NRZ, 
AT/XT Controller AT/XT Controller 3V Operation 


SH-265 Compatible AT/XT Controller W/RLL SH-266 Compatible SH-266 Compatible 


2, 7 ENDEC, 24 Mbit/s 


32 Mbit/s NRZ, 48Mbit/sNRZ,AT 30 Mbit/s NRZ, AT 32Mbit/s NRZ,SCSI 48 Mbit/s NRZ,SCSI 48 Mbit/s NRZ, SCSI 
AT Controller, Controller, Reed Controller, Reed Controller, Reed Controller, Reed Controller, Reed 
56 Bit ECC Solomon ECC Solomon ECC Solomon ECC Solomon ECC Solomon ECC 
. 3V Operation Dual Bit NRZ 


FIGURE 1: Silicon Systems’ Disk Controller Chip Hierarchy 
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FUNCTIONAL DESCRIPTION 


The four major functional blocks are: 


Microcontroller interface 
Buffer Memory Interface 
Disk Formatter 

Host Interface 


The SSI 32C9020 includes a control sequencer with a 
writeable control store, buffer RAM controller capable of 
interleaved address generation, direct SCSI bus con- 
nections, and configuration/status registers which can 
be programmed by an external microcontroller. The 
internal hardware also supports automatic looping of the 
sequencer program, and the interrupt circuitry relieves 
the supervising microprocessor of having to poll on the 


PIN DESCRIPTION 


The following convention is used in the pin description: 


(1) | denotes an input 

(O) denotes an output 

(Z) denotes a tri-state output 
(OD) denotes an open drain output 


GENERAL 


status registers. Access to the control store and regis- 
ters is accomplished through the microprocessor inter- 
face which is optimized for eight-bit, mulitplexed ad- 
dress/data or non-multiplexed processors such as the 
Intel 800196 or Motorola 68HC11. For a complete 
description of the programmable registers, refer to 
the SSI 32C9020 Design Guide. 


The device performs all the controller functions for the 
peripheral device, such as serialization/deserialization; 
ECC generation, checking, and correction on the data 
stream; and CRC generation and checking on the 
header stream. It also has the flexibility of defect man- 
agement and recovery. The contention between the 
host request and the disk request for buffer RAM access 
is internally arbitrated and resolved utilizing data FIFOs. 


| NAME |TYPE| DESCRIPTION 


POWER SUPPLY PIN, VCC 
GROUND 


SCSI PARITY ENABLE. This active high signal is used to enable parity checking of the 
SCSI data bus. Parity checking is disabled when this pin is held low. 
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PIN DESCRIPTION (Continued) 
DISK INTERFACE 


| NAME ‘| TYPE DESCRIPTION | 
| GPIO 2-0 £5 INPUT/OUTPUT. These pins are used to indicate the SCSI ID of the target device. The | | 
pins can be programmed as outputs for test purposes only. 


INDEX ea INDEX. Input for index pulse received from the drive. 


INPUT/ | DISK SEQUENCER INPUT/OUTPUT. A general purpose control (output and status 
OUTPUT | 


(input) pin configured by the Output Enable Bit of Register 71H, bit 7. | 
At power-on, this pin is an input. As an input, it can be used to synchronize the disk 
| WAM/AMD/ 
SECTOR 


sequencer to an external event. As an output, it is controlled by bit 2 of the Contro! Field | 
of the disk sequencer. 
WRITE ADDRESS MARK/SECTOR/ADDRESS MARK DETECT. This pin is used in the 
hard sector mode as the sector input. A pulse on this pin indicates a sector mark is found. - 
In the soft sector mode, a low level output is asserted during write gate to indicate writing 
of address mark. During read, a low-level input indicates an address mark was detected. 
The device powers up in soft sector default mode. 


READ/REFERENCE CLOCK. This i is used in sonjunciion with the NRZ pinto clock data 

in and out of the SSI 32C9020 device. | 
NON RETURN TO ZERO. This signal is the read data input from the disk drive when the 
read gate signal is asserted; it is the write data output to the disk drive when the write gate | 
signal i is asserted. 


RESET. Anasserted low input generates a component reset that holds the internalregisters | 
of the SSI 32C9020 at reset, stops all operations within the chip, and deasserts all output 
| signals. All input/output signals are set to the high-Z state during this signal. 

ADDRESS LATCH ENABLE/MULTIPLEXED/NON-MULTIPLEXED ADDRESS SELECT. 
-Whentied high or left floating after reset, the microprocessor interface is configured as non- 

multiplexed. When driven low, then the microprocessor interface is configured as multi- 

plexed. Inthis case this pin functions as the address latch enable, and the MA(7:0) pins are 
the demultiplexed address outputs. 

CHIP SELECT. Active high signal, when asserted, the internal registers of the SSI BeCeuer 

can be accessed. . 7 

WRITE STROBE/READ/WRITE. Inthe Intel bus mode, when an active low signalis present 

with CS signal high, the data is written to the internal registers. 


In the Motorola bus mode, this signal acts as the R/W signal. 


READ STROBE/DATA STROBE. In the Intel bus mode, when an active low signal is | 
| present with CS signal high, internal register data is read. 

In the Motorola mode, this signal acts as the DS signal. DS when active high is data strobe. 

DISK INTERRUPT. Anactive low signal indicates the controller is requesting microproces- 

sor service from the disk side. This signal is programmable for either a push-pull or open- 

drain output circuit. This signal powers up in the high-Z state. Register 4F bit 3 enables the: 

pull-up. 


8-100 1291 - rev. 


SSI 32C9020 
SCSI Combo Controller 
48 Mbit/s; single bit NRZ interface 


MICROPROCESSOR INTERFACE (Continued) 


| NAME TYPE | DESCRIPTION 
SINT O, OD,Z| SCSIINTERRUPT. This signal is generated by the SCSI controller and is an interrupt line 


to the microprocessor. Itis programmable for either a push-pull or open drain output circuit. 
AD7:0 
/O 


This signal powers up in the high-Z state. The interrupt is sourced from the SCSI Interrupt 
Register. Register 4F bit 3 enables the pull-up. This signal is also programmable to be either 
READY he 


an active high or low interrupt. 
MC 


BUFFER MANAGER INTERFACE 
BAO:15 BUFFER MEMORY ADDRESS LINES 0:15. Active high, for direct connection to a Static 


or Dynamic RAM address lines 0:15. 
BA16/RAS 
ROW ADDRESS STROBE: In DRAM mode, active low, for direct connection to a Dynamic | 
L 


ADDRESS/DATA BUS. When configured in the Intel mode, these lines are multiplexed, 
bidirectional microprocessor register address and data lines. 


When configured in the Motorola mode, these lines are bidirectional data lines. 


MICROPROCESSOR ADDRESS BUS: These signals are nonmultiplexed address input or 
latched address output lines. 


READY: When this signal is deasserted low, the microprocessor shall insert wait states to 
allow time for the chip to respond to the access. | 


INTEL/MOTOROLA: This signal selects the microprocessor interface to be used. Whenthis 
signal is asserted high, it selects the Intel bus control interface. When this signal is 
deasserted low, it selects the Motorola bus control interface. This signal has an internal pull- 
up to allow the default selection of the Intel bus control interface. 


BUFFER MEMORY ADDRESS 17: In SRAM mode, for direct connection to a Static RAM 
address line 17. 


AS BUFFER MEMORY ADDRESS 16: in SRAM mode, for direct connection to a Static RAM 
address line 16. 
ROW ADDRESS STROBE: In DRAM mode, for direct connection to a Dynamic RAM Row 
BA17/CAS 
RAM Column Address Strobe signal. 


Address Strobe signal. 
BDO:7 O | BUFFER MEMORY DATA BUS. 7 through 0. Active high, buffer data bus that connects 
directly to the buffer RAM data lines. 


| VO | BUFFER MEMORY DATA PARITY. This signal provides odd parity for the buffer memory 


BDP 
data bus during transfers to/from the buffer memory to the buffer RAM. 
MOE 
WE 
SYSC 


MEMORY OUTPUT ENABLE. This signal is asserted low only for buffer memory read 
operations. 


WRITE ENABLE. Active low, write enable for the buffer RAM. 


SYSTEM CLOCK. This signal is used to synchronize the buffer RAM access, including the 
generation of memory address bits, write enable WE, and memory output enable MOE. 
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ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


Maximum limits indicate where permanent device damage occurs. Continuous operation at these limits is not 
intended and should be limited to those conditions specified in the DC operating characteristics. 
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ELECTRICAL CHARACTERISTICS | 


PARAMETER CONDITIONS 


ICC Supply Current Ta = 25°C Outputs Unloaded 


UNIT 


V 
°C 
°C 

mW 

V 


UNITS 
V 
m 
V 


ICCS Supply Current 


| 550 | 
VIL Input Low Voltage Re en 08 | 
aes 


VOIH Input High Voltage VCC+0.5 


VOL Output Low Voltage All pins except SCSI interface, 
lIOL=2mA 


| MAX _ 

at | 50 
ms 2 
05 
20 | [vocis 

cell = A MO a 

| IOL = 48 mA 

feel | 24 
tO 
a: 
a 


VOH Output High Voltage IOH = -400 pA 
IL Input Leakage Current 0 < VIN < VCC 


CIN Input Capacitance 
COUT Output Capacitance 


A 
50 
z 


p 
p 
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DESCRIPTION 


The SSI 32C9022 is a CMOS VLSI device which inte- 
grates major portions of the hardware needed to build a 
SCSI driven hard disk drive. The SSI 32C9022 is one of 
the family of Silicon Systems’ single chip disk control- 
lers. The SSI 32C9022’s place in the Silicon Systems’ 
chipfamily is illustrated inthe hierarchy chartin Figure 1. 
It provides most of the disk controller disk controller 
functional circuitry necessary to build an intelligent 
SCSI-disk drive. 


The SSI 32C9022 is a CMOS VLSI device which inte- 
grates the major portion of the hardware needed to build 
a SCSI driven hard disk controller. The SSI 32C 9022 is 
capable of supporting interleaved data transfer rate up 
to 48 Mbit/s. This chip represents a major reduction in 
part count when used with the SSI 32P3000 Pulse 
Detector and Filter Combo, the SSI 32D5392, the SSI 
32R2010 Read/Write device, and the SSI 32H4631 
Servo and Motor Speed Controller device, implement- 
ing a cost efficient, high performance, 5-chip set intelli- 
gent drive solution. 

The SSI 32C9022 includes a four port Buffer Manager, 
a storage controller and an extensive hardware support, 
including 24 mA drivers, for the SCSI and other compat- 
ible interfaces. 


The SSI 32C9022 performs all the controller functions 
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for the peripheral device, such as serialization/ 
deserialization; ECC generation and checking on the 
data stream, and CRC generation and checking on the 
header of the data stream. 


FEATURES 


e¢ SCS! Bus Interface 


- ANSI X3.131-1990 Rev 10C SCSI-2 specifi- 
cation for target devices 

- Direct bus Interface logic with on-chip 
48 mA drivers 

- Synchronous transfer rates up to 
10 Mbyte/s; 5 Mbyte/s asynchronous 

- Parity generation and checking 

- High level SCSI sequences without micro- 
processor intervention 

- 4-byte Command FIFO supports execution 
of multiple commands 

- Supports SCSI-2 tagged queuing 

- SCSI CDB Group Codes decoded 
“on-the-fly” 

- Sixteen-byte data FIFO between the DMA 
and SCSI channel 

- §CSlautodisconnect and reconnect opera- 
tion supported (Continued) 


BLOCK DIAGRAM 


ALE/M/NM MICRO- 
PROCESSOR 
INTERFACE 
DINT 
SINT 
READY {| 
RST 


i BUFFER 


ECC 
CHK/GEN 
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FEATURES (Continued) - - Guaranteed to correct one 31-bit burst or 
two 11-bit bursts 


e 
Buffer Manager - Hardware on-the-fly correction selectable 


- Buffer Memory throughput to 20 MByte/s between 11 or 31-bit single burst error 
for SRAM and 17.2 Mbyte/s for DRAM in within a quarter sector time 
Page Mode. - Detects up to one 51-bit burst or three 11-bit 

- Up to 256 kB Static RAM or 1MB Dynamic burst 
RAM support - Multiple sector transfer support 

- Buffer RAM segmentation with flexible seg- - Sector header or microprocessor based 
ment sizes for 256 bytes to 1MByte split data field processing logic 

= Dedicated Host, Disk, and Microprocessor - Advanced sequencer organized in 31 x 5 

Buffer RAM address pointers bytes 


- Internal buffer protection circuit provides 


buffer integrity 
- Supports both multiplexed or non-multi- 


* Storage Controller plexed family of microprocessors 
- NRZDataRatesto48Mbit/s-- single bit NRZ . Separate host and disk interrupts 


interface to the Data Separator 


e Microprocessor Interface 


- 88-bit Reed Solomon with “on-the-fly” fast ° Others 
hardware correction circuitry - Internal power down mode 
- Capable of correcting four 10-bit symbols - Available in 100-pin QFP 


in error 


15 Mbit/s NRZ, 
AT/XT Controller 


SH-260 Compatible 


26 Mbit/s NRZ, | 26 Mbit/s, NRZ, 16 Mbit/s, NRZ, 
AT/XT Controller | 9204650 } 320261 | } 3204651 | AT/XT Controller 326263 | 3V Operation 


SH-265 Compatible AT/XT Controller w/RLL SH-266 Compatible SH-266 Compatible 
2, 7 ENDEC, 24 Mbit/s 


329000 32C9001 } 3209301 } 3269010 3269020 3209022 


32 Mbi/s NRZ, 48 Mbit/s NRZ,AT 30 Mbit/sNRZ,AT 32 Mbit/s NRZ, SCSI 48 Mbit/s NRZ, SCSI 48 Mbit/s NRZ, SCSI 
AT Controller, Controller, Reed Controller, Reed Controller, Reed Controller, Reed Controller, Reed 
56 Bit ECC Solomon ECC Solomon ECC Solomon ECC Solomon ECC Solomon ECC 
3V Operation Dual Bit NRZ 


FIGURE 1: Silicon Systems’ Single Chip Controller Hierarchy 
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FUNCTIONAL DESCRIPTION status registers. Access to the control store and regis- 
; ; ters is accomplished through the microprocessor inter- 

The four major functional blocks are: face which is optimized for eight-bit, mulitplexed ad- 
Microcontroller Interface dress/data or non-multiplexed processors such as the 


Buffer Memory Interface Intel 800196 or Motorola 68HC16. For a complete 
: description of the programmable registers, refer to 
Disk Formatter the SSI 32C9010/9020/9022 Design Guide. 


mOstinteniace The device performs all the controller functions for the 
The SSI 3209022 includes a control sequencer witha —_ peripheral device, such as serialization/deserialization; 
writeable control store, buffer RAM controller capable of ECC generation, checking, and correction on the data 
interleaved address generation, direct SCSI bus con- _ stream; and CRC generation and checking on the 
nections, and configuration/status registers which can _ header stream. It also has the flexibility of defect man- 
be programmed by an external microcontroller. The = agement and recovery. The contention between the 
internal hardware also supports automaticloopingofthe host request and the disk request for buffer RAM access 
sequencer program, and the interrupt circuitry relieves _is internally arbitrated and resolved utilizing data FIFOs. 
the supervising microprocessor of having to poll on the 


PIN DESCRIPTION 


The following convention is used in the pin description: 
(1) | denotes an input 
(O) denotes an output 
(Z) denotes a tri-state output 
(OD) denotes an open drain output 


GENERAL 


| NAME __|TYPE| DESCRIPTION 
| vpD |__| POWER SUPPLY PIN, VCC 
Deno | | GROUND 


T INTERFACE 


O | SCSI DATA BUS PARITY. Odd parity bit for the SCSI data bus. | 
O | SCSI DATA BUS BITS 7-0 
ATTENTION. This active low signal is used by the initiator to request a message out phase. 


5 
A || 19 
ad 


neareteeenoneal 
eS 
ee 
ee 


; 
— 


BUSY. This active low signal is used to indicate when the bus is active. 


0. 

re 
completion of a data byte transfer. 

|_| | SCSIRESET. This active low signal is usedto reset the SCSIcontroller. = 

| © | MESSAGE. This active low signal is used to indicate amessage phase. 


A 


DBP 
DB7- 

N 
SY 
CK 
RST 
SG 
EL 

D 
EQ 


ii 


COMMAND/DATA. This signal is used to indicate either a command or data phase 


REQUEST. This active low signal is used in the handshake protocol to initiate a data byte 
transfer. 


INPUT/OUTPUT. This signal is used to indicate the direction of data transfer. 


SCSI PARITY ENABLE. This active high signal is used to enable parity checking of the 
SCSI data bus. Parity checking is disabled when this pin is held low. 


INPUT/OUTPUT. These pins are used to indicate the SCSI ID of the target device. The pins 
can be programmed as outputs for test purposes only. 
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PIN DESCRIPTION (Continued) 
DISK INTERFACE 


[NAME |TYPE[ DESCRIPTION. SCS 
INDEX 


INDEX | 1! | INDEX. Input for index pulse received from the drive. 


INPUT/ VO. 
OUTPUT 
al 


SECTOR 
ro 
io 


DISK SEQUENCER INPUT/OUTPUT. A general purpose contro! (output) and status 

(input) pin configured by the Output Enable Bit of Register 71H, bit 7. 

At power-on, this pin is an input. As an input, it can be used to synchronize the disk 
- sequencer to an external event. As an output, it is controlled by bit 2 of the Control Field 
of the disk sequencer. 
WRITE ADDRESS MARK/SECTOR/ADDRESS MARK DETECT. This pin is used in the 
hard sector mode as the sector input. A pulse on this pin indicates a sector mark is found. 
In the soft sector mode, a low level output is asserted during write gate to indicate writing 
of address mark. During read, a low-level input indicates an address mark was detected. 
The device powers up in soft sector default mode. 
READ GATE. During disk data read, this pin is asserted. Active high. 
WRITE GATE. During disk data write, this pin is asserted. Active high. 


READ/REFERENCE CLOCK. This pinis used in conjunction with the NRZ pinto clock data 
in and out of the SSI 32C9020 device. 


NON RETURN TO ZERO. These signals are the read data input 0 and 1 from the disk drive 
when the read gate signal is asserted; it is the write data output to the disk drive when the 
write gate signal is asserted. 


ak 


NRZO, 1 


RECESS on INTERFACE 
RESET. Anasserted low input generates acomponent reset that holds the internal registers 
of the SSI 32C9020 at reset, stops all operations within the chip, and deasserts all output 


signals. All input/output signals are set to the high-Z state during this signal. 

ADDRESS LATCH ENABLE/MULTIPLEXED/NON-MULTIPLEXED ADDRESS SELECT. 
When tied high or left floating after reset, the microprocessor interface is configured as non- 
multiplexed. When driven low, then the microprocessor interface is configured as multi- 


plexed. Inthis case this pin functions as the address latch enable, and the MA(7:0) pins are 
the demultiplexed address outputs. 


R/W WRITE STROBE/READ/WRITE. Inthe Intel bus mode, whenan active low signalis present 
with CS signal high, the data is written to the internal registers. 

In the Motorola bus mode, this signal acts as the R/W signal. | 
READ STROBE/DATA STROBE. In the Intel bus mode, when an active low signal is 
present with CS signal high, internal register data is read. 


ia: CHIP SELECT. Active high signal, when asserted, the internal registers of the SSI32C9022 
can be accessed. 


In the Motorola mode, this signal acts as the DS signal. DS when active high is data strobe. 


= OD,Z} DISK INTERRUPT. An active low signal indicates the controller is requesting microproces- 


sor service from the disk side. This signal is programmable for either a push-pull or open- 
drain output Circuit. This signal powers up in the high-Z state. Register 4F bit 3 enables the 
pull-up. 
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to the microprocessor. It is programmable for either a push-pull or open drain output circuit. 
This signal powers up in the high-Z state. The interrupt is sourced from the SCSI Interrupt 
When configured in the Motorola mode, these lines are bidirectional data lines. 

MA\(7:0) /O | MICROPROCESSOR ADDRESS BUS: These signals are nonmultiplexed address input or 

latched address output lines. 


MICROPROCESSOR INTERFACE (Continued) 
| NAME | TYPE | DESCRIPTION 
SINT 
Register. Register 4F bit 3 enables the pull-up. This signal is also programmable to be either | 
an active high or low interrupt. 
READY READY: When this signal is deasserted low, the microprocessor shall insert wait states to 
allow time for the chip to respond to the access. 
VMC INTEL/MOTOROLA: This signal selects the microprocessor interface to be used. When this 
signal is asserted high, it selects the Intel bus control interface. When this signal is 
deasserted low, it selects the Motorola bus controlinterface. This signal has an internal pull- 


O, OD,Z} SCSI INTERRUPT. This signal is generated by the SCS! controller and is an interrupt line 
AD7:0 VO | ADDRESS/DATA BUS. When configured in the Intel mode, these lines are multiplexed, 
bidirectional microprocessor register address and data lines. 
up to allow the default selection of the Intel bus control interface. 


BUFFER MANAGER INTERFACE 


BUFFER MEMORY ADDRESS LINES 0:15. Active high, for direct connection to a Static 
or Dynamic RAM address lines 0:15. 
BUFFER MEMORY ADDRESS 16: In SRAM mode, for direct connection to a Static RAM 
address line 16. 

ROW ADDRESS STROBE: In DRAM mode, for direct connection to a Dynamic RAM Row 
Address Strobe signal. 


BUFFER MEMORY ADDRESS 17: In SRAM mode, for direct connection to a Static RAM 
address line 17. 


ROW ADDRESS STROBE: In DRAM mode, active low, for direct connection to a Dynamic 
RAM Column Address Strobe signal. 


BUFFER MEMORY DATA BUS. 7 through 0. Active high, buffer data bus that connects 
directly to the buffer RAM data lines. 


BDP VO | BUFFER MEMORY DATA PARITY. This signal provides odd parity for the buffer memory 
data bus during transfers to/from the buffer memory to the buffer RAM. 
MEMORY OUTPUT ENABLE. InSRAM mode this signal is asserted low when every buffer 


memory access is active. In DRAM mode this signal is asserted low only for buffer memory 
read operation. 


MEMORY SELECT. An active low signal indicates external memory is selected. 
WRITE ENABLE. Active low, write enable for the buffer RAM. 


SYSTEM CLOCK. This signal is used to synchronize the buffer RAM access, including the 
generation of memory address bits, write enable WE, and memory output enable MOE. 
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ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


Maximum limits indicate where permanent device damage occurs. Continuous operation at these limits is not 
intended and should be limited to those conditions specified in the DC operating characteristics. 


750 


Input, Output pins -0.5 to VCC+0.5V _ 


ELECTRICAL CHARACTERISTICS 


PARAMETER 


VIL Input Low Voltage 
VOIH Input High Voltage 2.0 


| NOM | 
a 
bees 
a 
po 
iE F< ee al 
lOL=2mA 
a aa 
be 
co 
oa 


VOL Output Low Voltage SCSI interface pins, 
IOL = 48 mA 


VOH Output High Voltage IOH = -400 pA 
IL Input Leakage Current 0<VIN< VCC 


CIN Input Capacitance 


Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for 
final design. 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
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DESCRIPTION 


The SSI 32C9301 is a CMOS VLSI device which 
integrates major portions of the hardware needed to 
build a PC AT driven hard disk controller. The SSI 
32C9301 is one of the family of Silicon Systems’ single 
chip disk controllers. The SSI 32C9301’s place in the 
Silicon Systems' chip family is illustrated in the hierar- 
chy chart in Figure 1. It provides most of the functional 
Circuitry necessary to build an “ATA” intelligent disk. 


The SSI 32C9301 is capable of supporting interleaved 
data transfer rate up to 30 Mbit/s. 


The SSI 32C9301 includes a dual port Buffer Manager, 
a storage controller, and a high performance AT host 
interface block that incorporates an extensive hard- 
ware support — including 24 mA drivers — for the PC 
AT and other compatible interfaces. 


The SSI 32C9301 performs all the controller functions 
for the peripheral device, such as serialization/ 
deserialization; ECC generation and checking on the 
data stream, and CRC generation and checking onthe 
header of the data stream. 


SSI 32C9301 
PC-AT Combo Controller 


With Reed Solomon, 3V Operation 


Advance Information 


December 1991 


FEATURES 


¢ PC AT Bus Interface 


- Single Chip PC AT Controller 

- Direct bus interface logic with on-chip 
24 mA drivers 

- Logic for daisy chaining 2 embedded ATA 
drives 

- Supports 30 Mbit/s concurrent disk trans- 
ferona3Mwords/s PC-ATin PlO or single 
or EISA compatible burst DMA mode — 
type B 

- Automatic command decoding of write, 
write multiple, and format commands. 

- Automatic updates of the host task file 
registers in multiple sector transfers 


e Buffer Manager 


- Supports Buffer Memory throughput to 10 
Mbytes/s SRAM or 8 Mbytes/s for DRAM 

- Direct Buffer Memory addressing up to 
256 kB Static RAM or 1 MB Dynamic RAM 


for various timings and sizes 
(Continued) 
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FEATURES (continued) - Highly programmable Advanced Sse- 
quencer organized in 31 x 5 bytes 
* Buffer Manager (continued) - Support sector level defect management 
- Buffer RAM segmentation with flexible seg- - Sector header or microprocessor based 
ment sizes from 256 bytes to 1 Mbytes/s split data field processing logic 
- Dedicated Host, Disk, and Microprocessor ¢ Microprocessor Interface 
Suiiel Tam ee crees polnters - Supports both multiplexed and non-multi- 
* Storage Controller plexed microprocessor support 
- NRZ Data Rates up to 30 Mbit/s - Separate host and disk interrupts 


- Selectable 16-bit CRC or 88 bit ECC poly- + others 
nomial with “on-the-fly” fast hardware cor- - Internal power down mode 
PEC UO MCE OILY Operational at 3.3V + 20% 


- Multiple sector transfer support without ~ 
microprocessor intervention Available in 100-pin surface mount TQFP 


15 Mbit/s NRZ, 
AT/XT Controller 


SH-260 Compatible 


26 Mbit/s NRZ, 26 Mbit/s, NRZ, 16 Mbit/s, NRZ, 
AT/XT Controller AT/XT Controller 3V Operation 


SH-265 Compatible AT/XT Controller w/RLL SH-266 Compatible SH-266 Compatible 
2, 7 ENDEC, 24 Mbit/s 


3269000 | szcsoo1 | | szces01 3209010 3269020 3209022 


32 Mbit/s NRZ, 48Mbit/sNRZ,AT 30Mbit/sNRZ,AT 32Mbit/s NRZ,SCSI 48 Mbit/s NRZ,SCSI 48 Mbit/s NRZ, SCSI 
AT Controller, Controller, Reed = Controller, Reed Controller, Reed Controller, Reed Controller, Reed 
56 Bit ECC Solomon ECC Solomon ECC Solomon ECC Solomon ECC Solomon ECC 
3V Operation Dual Bit NRZ 


FIGURE 1: Silicon Systems’ Disk Controller Chip Hierarchy 
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FUNCTIONAL DESCRIPTION 


The four major functional blocks are: 


Microcontroller Interface 
Buffer Memory Interface 
Disk Formatter 

Host Interface 


The SSI 32C9301 includes a control sequencer with a 
writeable control store, buffer RAM controller capable 
of interleaved address generation, direct ATA bus 
connections, and configuration/status registers which 
can be programmed by an external microcontroller. 
The internal hardware also supports automatic looping 
of the sequencer program, and the interrupt circuitry 
relieves the supervising microprocessor of having to 


PIN DESCRIPTION 


The following convention is used in the pin description: 


(1) denotes an input 

(/S) denotes a Schmitt trigger input 
(O) denotes an output 

(1/O) denotes a bidirectional signal 
(Z) denotes a tri-state output 

(OD) denotes an open drain output 


poll on the status registers. Access to the control store 
and registers is accomplished through the micropro- 
cessor interface which is optimized for eight-bit, 
mulitplexed address/data processors such as Intel's 
80C196 or non-multiplexed microprocessors — such 
as Motorola’s 68HC16. For a complete description 
of the programmable registers, refer to the SSI 
32C9001 Design Guide. 


The device performs all the controller functions for the 
peripheral device, such as serialization/deserialization; 
ECC generation, checking, and correction assistance; 
and CRC generation and checking on the header 
stream. It also has the flexibility of defect management 
and recovery. The contention between the host, disk, 
microprocessor, and refresh requests for buffer RAM 
access is internally arbitrated and resolved. 


Active low signals are denoted by a bar on top of the signal name and dual function pins are denoted with a 


slash between the two signals — A9/HCS1. 


GENERAL 


| NAME |TYPE| DESCRIPTION 


HOST ADDRESS LINES. The Host Address lines A(2:0) and AQ are used to access the 
various PC/AT control/status, and data registers. 


HOST ADDRESS LINE 9/HOST CHIP SELECT 1. This is a multiplexed input pin. When 


Register 48H-bit 3 is reset this input is HOST ADDRESS LINE 9, when the bit is set this 
inputis HOST CHIP SELECT 1. When configured as active low HCS1, this input is ignored 
when DACK is asserted. 


HOST CHIP SELECT 0. This pin selects access to the control, status and data registers. 
This active low input is ignored when DACK is asserted. 


16 BIT DATA TRANSFER. An open drain active low output that indicates that a 16-bit 
buffer transfer is active. 


HOST INTERRUPT. Asserted active high to indicate to the Host that the controller needs 
attention. 
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PIN DESCRIPTION (Continued) 
HOST INTERFACE (Continued) 


IOCHRDY| O,Z | IMO CHANNEL READY. Active low, this signal is asserted whenever the internal host 
FIFO is not ready to transfer data. 

DREQ O,Z | DMA REQUEST. The active high DMA Request signal is used during DMA transfer 

between the Host and the SSI 32C9301. 

DMA ACKNOWLEDGE. This active low signal is used during DMA to complete the DMA 

handshake for data transfer between the host and the controller. 


INPUT READ SELECT. This active low pin is asserted by the Host during a Host read 
operation. When asserted with HCSO , HCS1, or DACK, data from the device is enabled 
onto the host data bus. 


INPUT WRITE SELECT. Asserted active low by the HOST during a HOST write operation. 
When asserted with HCSO, HCS1, or DACK, data from the host data bus is strobed into 
the device. 


DACK 
lO 


HRESET | 1/ HOST RESET. This active high signal stops all commands in progress and initializes the 
control/status registers — see Design Guide for Register Reset conditions. This signalcan 


also “wake up” the device while it is in power down mode. 


HOST DATA BUS. These bits are used for word transfers between the Buffer Memory 
and the Host; bits (7:0) are used for status, commands, or ECC byte transfers. 


C 
WwW 
VS 
HDB /O 
(15:0) 


DISK INTERFACE 


INDEX py INDEX. This input is a pulse that occurs once per revolution and defines the start of 
sector 0. | 


~ | INPUT/ VO | DISK SEQUENCER INPUT/OUTPUT. A general purpose control (output) and status 
(input) pin configured by the Output Enable Bit of Register 71H, bit 7. 


~ OUTPUT z 


/0 


At power-on, this pin is an input. As an input, it can be used to synchronize the disk 
sequencer to an external event. As an output, it is controlled by bit 2 of the Control Field 
of the disk sequencer. _ 


WRITE ADDRESS MARK/SECTOR/ADDRESS MARK DETECT. This pin is configured 
to operate in Hard or Soft Sector mode by initializing the Disk Formatter Mode Control 
Register: 4FH, bit 1. In the hard sector mode it is used as the sector input — a pulse on 
this pin indicates a sector mark is found. 


In the soft sector mode, an active low output is asserted when formatting to allow writing 
of address mark. When reading, an active low input indicates an address mark was 
detected. The device powers up in soft sector mode. 


READ GATE. This active high output enables the reading of the disk. It is asserted at the 
beginning of the PLO for header and data field by the sequencer — sequencer Control 
Field bits 5 and 6. It is automatically deasserted at the end of the CRC or ECC. 


WRITE GATE. This active high output enables writing onto the disk. It is asserted and 
Geasserted by the sequencer Control Field bits 5 and 6. 


7 
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DISK INTERFACE (Continued) 


| NAME | TYPE| DESCRIPTION 
RRCLK 


/S | READ/REFERENCE CLOCK. This pin is used in conjunction with the NRZ pin to clock 
data in and out of the SSI 32C 9001 device. This input must be glitch-free to ensure correct 
operation of the chip. 


NON RETURN TO ZERO. This signalis the serial read data input from the disk drive when 


the read gate signal is asserted; it is the write data output to the disk drive when the write 
gate signal is asserted. 


MICROPROCESSOR INTERFACE 


RESET. An asserted active low input generates a component reset that holds the internal 
registers of the SSI 32C9301 at reset, stops all operations within the chip, and deasserts 
all output signals. All input/output signals and Host outputs are set to the high-Z state. 


ADDRESS LATCH ENABLE/MULTIPLEXED/NON-MULTIPLEXED ADDRESS SE- 
LECT. Whentied high or left floating after reset, the microprocessor interface is configured 
as non-multiplexed. When driven low, then the microprocessor interface is configured as 
multiplexed. In this case this pin functions as the address latch enable, and the MA(7:0) 
pins are the demultiplexed address outputs. 


WRITE STROBE/READ/WRITE. Inthe Multiplexed Microprocessors bus mode, when an 
active low signal is present with CS signal asserted high, the data on the ADO:7 is written 
to the internal registers. 


In the Non-Multiplexed Microprocessors bus mode, this signal acts as the R/W signal. A 
high on this input along with the RD/DS signal high and the CS signal asserted high 
indicates a read operation. A low on this input along with the RD/DS signal asserted and 
the CS signal asserted high indicates a write operation. See table below. 


VMC CS WR/R/W RD/DS Action Mux/Non-Mux 
High High Low High Write to internal registers. M 
High High High Low Read from internal registers. M 
Low High Low High — Write to internal registers. N 
Low High High High Read from internal registers. N 
Low X X No action. MorN 


Note: X denotes don’t care. 


READ STROBE/DATA STROBE. Inthe Multiplexed Microprocessors bus mode, when an 
active low signal is present with CS signal high, internal registers will be accessed. 


In the Non-Multiplexed Microprocessors mode, this signal acts as the DS signal. A high 
onthe DS, R/W, and the CS signals, indicates a read operation. A low on the R/W signal, 
highs on both the DS and the CS, indicates a write operation to the internal registers. 


INTERRUPT. An active low signal indicates the controller is requesting microprocessor 
service from the disk side. This signal is programmable for either a push-pull with an 
internal pull up resistor or open-drain output circuit. This signal powers up in the high-Z 
state. Disk Formatter Mode Control Register, 4FH: bit 3 set high, programs this pin as a 
push-pull, and when set low programs it as an open drain output signal. 
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MICROPROCESSOR INTERFACE (Continued) | 


| NAME |TYPE| DESCRIPTION, 


AD7:0 /O | ADDRESS/DATA BUS. When configured in the Multiplexed Microprocessors mode, 
these lines are multiplexed, bidirectional data path to the microprocessor. During the 
beginning of the memory cycle the bus captures the low order byte of the microprocessor 
address. These lines provide communication with the controller device’s internal registers 
and the buffer memory. 


MA(7:0) | vO 
ae") 


REA 
AINT 
AINT  |0,OD, 
Z 
UMC ¥ 


BUFFER MANAGER INTERFACE 


When configured in the Non-Multiplexed Microprocessors mode, these lines are bidirec- 
tional data lines. | 


MICROPROCESSOR ADDRESS BUS: This 8-bit output bus is the AD(7:0) bus latched 
by the ALE pin during the low order address phase of an Multiplexed Microprocessors type 
microprocessor cycle. These signals are nonmultiplexed address input when used with a 
non-multiplexed bus microprocessor — Non-Multiplexed Microprocessors interface. 


READY: When this signal is deasserted low, the microprocessor inserts wait states to 
allow time for the chip to respond to the access. Wait states are programmed by Buffer 
Mode Control Register — 53H: bits 7-6. 


AT BUS INTERRUPT. An active low signal indicates the controller is requesting micro- 
processor service fromthe AT host bus side. This signal is programmable for either a push- 
pull with an internal pull up resistor or open-drain output circuit. This signal powers up in 
the high-Z state. Disk Formatter Mode Control Register, 4FH: bit 3 set high, programs this 
pin as a push-pull, and when set low programs it as an open drain output signal. 


INTEL/MOTOROLA: This signal selects the microprocessor interface to be used. Whenthis 
signal is asserted high, it selects the Intel bus control interface. When this signal is 
deasserted low, it selects the Motorola bus control interface. This signal has aninternal pull- 
up to allow the default selection of the Intel bus control interface. 


BUFFER MEMORY ADDRESS 16: In SRAM mode, this pin generates the address: A16 
for direct connection to a Static RAM address line 16. 


BUFFER ROW ADDRESS STROBE: This active low output signal is generated to strobe 
the row — high order — address into the dynamic RAMS. It is intended to be directly tied 
to the RAMs input control pin. 


BUFFER MEMORY ADDRESS 17: In SRAM mode, this pin generates the address: A17 
for direct connection to a Static RAM address line 17. 


COLUMN ADDRESS STROBE: This output signal is generated to strobe the column — 
low order address — into the dynamic RAM devices. 


BDO:7 VO | BUFFERMEMORY DATABUS. 7through0. The bidirectional Data Bus connects directly 
to the buffer memory. This bus is designed for high speed data transfer. 

BDP | WO | BUFFERMEMORY DATAPARITY. This signal provides odd parity for the buffer memory 
data bus during transfers to/from the buffer memory. 
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BUFFER MANAGER INTERFACE (Continued) 


RS a 


| MEMORY OUTPUT ENABLE. This active low output controls the enabling of data onto 
SYSCLK as 


the data bus by the dynamic RAMs or to indicate when every buffer memory access is 


active in SRAM mode. 

WRITE ENABLE. This active low output signal is used to strobe the data into the RAMs 
ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 


from the Data bus. For both buffer memory applications, this line is tied directly to the 
SRAM or DRAM control pin. 


SYSTEM CLOCK. This signal is used to synchronize the buffer RAM access, including 
the generation of memory address lines, write enable WE, and memory output enable 
MOE. In power down mode, this signal is shut off from the internal logic and hence buffer 
memory access is inhibited. 


Memory selected, asserted active low. 


Maximum limits indicate where permanent device damage occurs. Continuous operation at these limits is not 
intended and should be limited to those conditions specified in the DC operating characteristics. 


RATING 
7V 
0 to 70°C 
-65 to 150°C 


PARAMETER 


Power Supply Voltage, VCC 
Ambient Temperature 


Storage Temperature 


Power Dissipation 
Input, Output pins 


ELECTRICAL CHARACTERISTICS 


PARAMETER CONDITIONS 


| MIN | 
VCC Power Supply Voltage po ET 
— 
= 


ICC Supply Current 
ICCS Supply Current 
VIH Input High Voltage Pog, oe, 


-0.5 to V0CC+0.5V 


VIL Input Low Voltage 

VOL Output Low Voltage 

VOL Output Low Voltage Note 3 
VOH Output High Voltage IOH = -400 pA 

IL Input Leakage Current 0 < VIN < VCC 


CIN Input Capacitance eee 
COUT Output Capacitance aa 


Note: (1) Synchronization and Clock Control Register, 7FH: bits 3 and 4 set. RRCLK and SYSCLK 
internally inhibited. 
(2) All interface pins except Host Interface pins. IOL= 2 mA. 
(3) Host Interface pins, |OL=24 mA. 
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DESCRIPTION FEATURES 


The SSI34P553/5531 is alow power, highperformance se Highly Integrated Pulse Detector and 
Pulse Detection, Data Synchronization combination Data Synchronizer 

device. This device is designed for use in low power 

applications requiring +5V only power supplies. The ° +5V only Power Supplies 

pulse detection portion of this device detects and 

validates amplitude peaks in the output from a disk ° 790 mW max. power 

drive read amplifier. The data synchronization portion , 
is an MFM and 1, 7 data synchronizer with window shift 
capability. The SSI 34P553/5531 achieveslowsystem ¢ 0.6-1.6 Mbit/s operation 
operating power two ways, with a low operating power 

(+5V only design) and with a power down mode. The 

power down mode is a complete shutdown or sleep 

mode. The SSI 34P553/5531 is available in a 52-pin 

fine pitch QFP. 


Low Pulse Pairing 


The 34P5531 is the same device, but with separate 
CIN+, DIN+ inputs, for use with active filters such as the 
SS! 32F8030. 


BLOCK DIAGRAM 
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CAUTION: Use handling procedures necessary 
for a static sensitive Component. 
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CIRCUIT OPERATION 
PULSE DETECTOR SECTION 


READ MODE 


The SSI 34P553/5531 enters into the read mode when 
the WG pin is pulled low. In the read mode, the SSI 
34P553/5531 provides amplification and pulse level 
qualification of the signal applied to the input pins of the 
AGC amplifier. 


AGC AMPLIFIER 


An amplified head output signal is AC coupled to the IN+ 
and IN- pins of the AGC amplifier. To control the gain of 
the AGC amplifier, the signal at the DIN+ pins is full- 
wave rectified and amplified. The resulting voltage is 
compared to the voltage level present at the AGC pin. If 
the voltage level is higher than the AGC pin reference 
level, the SSI 34P553/5531 will enter into an attack 
mode. If itis lower than the AGC pin voltage the device 
will enter into a decay mode. 


Attack Mode. The SS! 34P553/5531 contains a dual 
rate attack charge pump that is controlled by the instan- 
taneous level at DINt. When the voltage from the full 
wave rectifier exceeds the AGC pin voltage by greater 
than 125%, a fast attack mode is entered. During fast 
attack, 1.4 mA of current is supplied to the network on 
the BYP pin. When the full wave rectifier voltage ex- 
ceeds the AGC pin voltage by 100 to 125%, the slow 
attack mode is entered. During slow attack the charge 
current supplied to the BYP pin is 0.18 mA. This dual 
rate charge pump allows the AGC to recover rapidly 
during write to read transitions while minimizing distor- 
tion once the AGC amplitude is within range. 


Decay Mode. Two internally controlled decay modes 
are provided by the SSI 34P553/5531. Upon a switch to 
write mode, the device holds the gain at its last value and 
the AGC inputs are switched to low impedance. When 
the device is switched back from write to read, the gain 
remains held and the AGC inputs remain in a low 
impedance state for 0.9 ps. At this time, if the new gain 
required is more than the held value the device enters 
into the decay mode. A fast decay current of 0.12 mA is 
automatically switched onforaperiodof0.9,s. After0.9 
us the device will sink a steady state slow decay current 
of 4.5 LA (reference Figure 7.) 


AGC Level Control. The AGC level is controlled by the 
voltage presented on the AGC pin. The AGC pin is 
internally biased at approximately 2.3V which sets the 
signal at the DIN+ pins to 1.0 Vpp under nominal 
conditions. The voltage atthe AGC pincanbe externally 
controlled by connecting a resistor betweenthe AGC pin 
and either VPA1 or AGND1. When a resistor is con- 


nected from AGC to VPA1 the voltage on the AGC pin : 


can be increased (Figure 1a). When a resistor is 
connected from AGC to AGND1 the voltage onthe AGC 
pin can be decreased (Figure 1b). The new DIN input 
target level is nominally (VAGC -0.75)*°0.64 Vpp. The 
output of the AGC amplifier has a maximum swing of 3.0 
Vpp that can be controlled using the AGC pin. The 3.0 
Vpp swing supports the use of external filters that have 
up to 6 dB of loss. A multi-pole Bessel filter is typically 
used for its linear phase or constant group delay char- 
acteristics. 


(1 A) Rint 


(5—V) Rint ~ _.vRext 
VAC Rint + Rext ay wage Rint + Rext 


V = Voltage at AGC pin with pin open (2.3V nominal) 


Rint « AGC pin input impedance (2.5 KQ typical) 
Rext = External Resistor 


FIGURES 1A & 1B: AGC Voltage 


The gain of the AGC amplifier is directly controlled by the 
voltage at the BYP pin (VBYP) or the VEGC pin as 
shownin Figure 2. The AGC amplifier has opencollector 
outputs that can sink up to 4.0 mA of current. Forcorrect 
operation over the gain range each output should be 
pulled up to VPAI through a 340 Q resistor as shown in 
Figure 3. 


Slope = 140/V nominal 


2.5 
VBYP (Volts) 


DIN+ 


FIGURE 3: AGC Filter 
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PULSE QUALIFICATION 


The SSI 34P553/5531 uses both amplitude and time 
qualification to digitize the incoming data pulses. Inthe 
amplitude channel the signal is sent to a hysteresis 
comparator. A hysteresis trip level is externally set 
such that only pulses that exceed the required signal 
level will trip the comparator. This prevents false quali- 
fication of baseband noise. The hysteresis trip level 
can be either a fixed level or a fraction of the DIN 

+/- voltage level. 


Hysteresis Level. A fixed hysteresis level can be set 
by applying a DC voltage to the HYS pin. This is a 
simple method for hysteresis control but it does not 
compensate well for internal variances from device to 
device. Amore effective approach is to feed forward a 
percentage of the voltage level at the DIN+ pins. This 
approach is accomplished by using a filter/divider 
network between the LEVEL and HYS pins. The 
LEVEL pin output voltage is a rectified and amplified 
version of the voltage level applied to the DIN+ pins. 
The gain in this circuit is set so that a 1 Vpp signal 
applied to DIN+/- will result in a 1 Vpk (typical) output 
signal at the LEVEL pin. An external capacitor to 
AGND1 should be used on the LEVEL pin to maintain 
aDC level. Anexternal voltage divider canbe connected 
between the LEVEL pin and AGND71 to provide the 
hysteresis programming voltage to the HYS pin. The 
HYS pin voltage determines the percentage of the 
DIN+/- input signal that willtrip the hysteresis comparator 
of the SS! 34P553/5531. The transfer function of the 
HYS pin for setting the threshold percentage is: 


Hysteresis Threshold = 0.36 x VHYS 


where VHYS is the voltage applied to the HYS pin. For 
example, with a 1.0 Vpp signal at DIN+/- the LEVEL pin 
output will be 1.0 Vpk. Using a 50% resistor divider 
between LEVEL and AGND1 would result ina HYS pin 
voltage of 0.5 V and that would produce a hysteresis 
threshold of 0.18 V in both the positive and negative 
direction. This translates to a hysteresis threshold 
percentage of 36% of DIN+/-. 


Because the SSI 34P553/5531 circuits are internally 
biased to the same levels, the technique of feeding 
forward the LEVEL pin voltage helps to offset process 
related internal tolerance variations. In addition, the 
feed forward technique speeds up transient recovery 
by allowing qualification of input pulses while the AGC 
is still settling, such as during write to read recovery or 
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head change recovery. Care should be taken in 
selecting the hysteresis level time constant so that 
pattern induced low amplitude signals are not missed. 
The SSI 34P553/5531 has a built in minimum of +50 
mV threshold for level qualification even when the HYS 
pin is grounded. This prevents false triggering due to 
baseband noise during a DC erase gap. 


The outputs of the hysteresis comparator are the “D” 
inputs of the D-type flip-flop. One side of the hysteresis 
comparator outputs is provided as the DOUT pin test 
point. The DOUT pin can be monitored by connecting 
a3 to 6 kQ resistor to AGND2. When the DOUT pin is 
not used, it can be pulled up to VPA2 to save power. 


In the time channel the signal is differentiated to trans- 
form signal peaks to zero crossings which are detected 
and used to trigger a bi-directional one-shot. The one- 
shot output pulses are used as the clock input of the D 
flip-flop. The COUT pin provides the one-shot output 
for test purposes. It also requires an external 3 to 6 KQ 
pull-down resistor for testing. 


The differentiator function is accomplished by an exter- 
nal network between the DIF+ and DIF- pins. The 
transfer function from DIN+ to the comparator input 
(not DIF+) is: 

—2000Cs 


VY =-—— 
LCs?+C(R+92)s+1 


where: C,L, R are external passive components 

20 pF <C < 500 pF 

S=jw = jen 
During normal operation, the time channel clocks the D 
flip-flop on every positive and negative peak of the 
DIN+ input. The D input to the flip-flop only changes 
state when the DIN+ input exceeds the hysteresis 
comparator threshold opposite in polarity to the previ- 
ous threshold exceeding peak. 


The time channel, then, determines signal peak timing 
and the amplitude channel determines validity by 
blocking signal peaks that do not exceed the hysteresis 
comparator threshold. The delays in each of these 
channels to the D flip-flop inputs are well matched. The 
D flip-flop output triggers a one-shot that sets the RDO 
output pulse width. 
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WRITE MODE. 


In Write Mode the SS! 34P553/5531 Pulse Detector 
section is disabled and preset for the following Read 
Mode. The digital circuitry is disabled, (RDO pin held 
high), the input AGC amplifier gain is held at its previ- 
ous value and the AGC amplifier input impedance is 
reduced. 


Holding the AGC amplifier gain and reducing input 
impedance shortens system Write to Read recovery 
times. 


The lowered input impedance improves settling time 
by reducing the time constant of the network between 
the SSI 34P553/5531 and a head preamplifier such as 
the SSI 32R1200R. Write to read timing is controlled to 
maintain the reduced impedance for 0.9 is before the 
AGC circuitry is activated. Coupling capacitors should 
be chosen with as low a value as possible consistent 
with adequate bandwidth to allow more rapid settling. 


DATA SYNCHRONIZER SECTION 


The SSI 34P553/5531 is designed to perform data 
synchronization in rotating memory systems which uti- 
lize a1, 7 RLL and MFM encoding format. In the Read 
Mode the SSI 34P553/5531 performs Data Synchroni- 
zation. The interface electronics and architecture of the 
SSI 34P553/5531 have been optimized for use as a 
companion device to the WD 42C22 controllers. 


The SS! 34P553/5531 can operate with data rates 
ranging from .6 to 1.6 Mbit/s. This data rate is estab- 
lished by a single 1% external resistor, RR, connected 
from pin IREF to VPA2. This resistor establishes a 
reference current which sets the VCO center fre- 
quency, the phase detector gain, andthe 1/4 cell delay. 
The value of this resistor is given by: 


,_ 5.97 
RR=—— - 1.78(kQ)MFM 


7.96 
RR=——-— 1.7 
DR 8 (k&2) 1,7 


Where: DR = Data Rate in Mbit/s 


An external TTL compatible reference may be applied 
to REFCLK 


The SSI 34P553/5531 employs a Dual Mode Phase 
Detector: Harmonic in the Read Mode and Non-Har- 
monic in Write and Idle Modes. In the Read Mode the 
Harmonic Phase Detector updates the PLL with each 
occurrence of a DLYD DATA pulse. In the Write and 
Idle Modes the Non-Harmonic Phase Detector is con- 


tinuously enabled, thus maintaining both phase and 
frequency lock. By acquiring both phase and frequency 
lock to the crystal reference oscillator and utilizing a 
zero phase restart technique, false lockto DLYD DATA 
is eliminated. 


The phase detector incorporates a charge pump in 
order to drive the loop filter directly. The polarity and 
width of the output current pulses correspond to the 
direction and magnitude of the phase error. Figure 4 
depicts the average output current as function of the 
input phase error (relative to the VCO period.) 


The READ GATE (RG), and WRITE GATE (WG), 
inputs control the device mode as described in Table 1. 
RG is an asynchrouous input and may be initiated or 
terminated at any position on the disk. WG is also an 
asynchronous input, but should not be terminated prior 
to the last output Write Data pulse. 


READ OPERATION 


The Data Synchronizer utilizes a fully integrated fast 
acquisition PLL to accurately develp the decode win-. 
dow. Read Gate, RG, initiates the PLL locking se- 
quence and selects the PLL reference input; a high 
level (Read Mode) selects the Read Data input and low 
level selects the crystal reference oscillator. 


In the Read Mode the rising edge of DLYD DATA 
enables the Phase Detector while the falling edge is 
phase compared to the rising edge of the VCO. As 
depicted in Figure 5, DLYD DATA is a 1/4 cell wide 
(TVCO/2) pulse whose leading edge is defined by the 
leading edge of Read Data. VCO is generated fromthe 
rising edges of the VCO clock. By utilizing a fully 
integrated symmetrical VCO running at the code rate, 
VCO is insured to be accurate and centered symmet- 
rically about the falling edges of DLYD DATA. The 
accuracy of the 1/4 cell delay only affects the retrace 
angle of the phase detector and does not influence the 
accuracy of VCO. 


Shifting the symmetry of the VCO clock effectively 
shifts the relative position of the DLYD DATA pulse 
within the decode window. This powerful capability 
easily facilitates defect mappings, automatic calibra- 
tion, window margin testing, error recovery, and sys- 
tematic error cancellation. For enhanced disk drive 
testability and error recovery, decode window controlis 
provided via a uP port (WSL, WSD, WSO, WS1) as 
described in Table 2. In application not utilizing this 
feature, WSL should be left open or connected to 
VPA2, while WSD, WSO, and WS1 can be left open. 
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Window shifts in the range of +5% to +20% of TVCO 
are easily programmed by latching the appropriate 
control word into the Window Shift Register with the 
WSL pin. Shifts in the positive or negative directions 
result in early or late decode windows respectively, as 
depicted in Figure 6. Additionally, for small systematic 
error cancellation, a resistor, R, connected from either 
RS (Early) or RF (Late) to ground will provide analog 
control over the decode window. The magnitude ofthis 
shift, TSA is determined by: 

Where: R is inQ 


Pins RF and RS are intended to be used as a trim and 
should be restricted to +3% window shifts. They can be 
used in conjunction with the digital control port. 


a 3260+R 


TSA=0.25TVCO| 1-_——— 
5950+R 


TABLE 1: Mode Control 


SSI 34P553/5531 
Pulse Detector & 
Data Synchronizer 


In Non-Read Modes, the PLL is locked to REFCLK. 
This forces the VCO to run at a frequency which is very 
close to that required for tracking actual data and thus 
minimizes the associated frequency step during acqui- 
sition. When RG transitions, the VCO is stopped mo- 
mentarily, then restarted in an accurate phase align- 
ment with the next PLL reference input pulse. By 
minimizing the phase alignment in this manner, the 
acquisition time is substantially reduced. 


POWER DOWN MODE 

A power down mode is provided to reduce power 
usage during the idle periods. Taking PDOWN1 low 
causes the device to go into complete shutdown. 


MODE CONTROL 

The SSI 34P553/5531 circuit mode is controlled by the 
PDWN1, HOLD, RG, and WG pins as shown in 
Table 1. 


Write Mode AGC gain held constant* 
Input impedance reduced 


Power shutdown mode 


*“ AGC gain will drift at a rate determined by BYP capacitor and Hold mode leakage current. 


1291 - rev. 


9-5 


SSI 34P553/5531 
Pulse Detector & 
Data Synchronizer 


TABLE 2: Decode Window Symmetry Control 


Ts, NOMINAL WINDOW SHIFT 


-TS3 
fo la 
ee Sa ea ears 


a ee ee 
rare 
| tanta ee cohen a 
sss Po Po 
a 
1 


wh, 


AVERAGE 
OUTPUT CURRENT 


@ ERROR 


rofo | 
Pola 
rs 
irs 


AVERAGE 
OUTPUT CURRENT 


@ ERROR 


a) HARMONIC MODE b) NON-HARMONIC MODE 


Note 1) lo is the magnitude of the charge pump current. 
2) Phase error is relative to the VCO period 


FIGURE 4: Phase Detector Transfer Function 


9-6 


1291 - rev. 


SSI 34P553/5531 
Pulse Detector & 
Data Synchronizer 


READ DATA 


—— 1/4 CELL 


VCO 


PHASE DET 
ENABLE 


FIGURE 5: Data Synchronization Waveform Diagram 


(DECODE (DECODE (DECODE 
NINDOW) WINDOW) WINDOW) 


(a) EARLY (ob) NORMAL (c) LATE 
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PIN DESCRIPTION 


TYPE | DESCRIPTION 


Analog (+5V) power supply for pulse detector. 

Analog ground pin for pulse detector block. 

Analog (+5V) supply pin for data synchronizer block. 

Analog ground pin for data synchronizer block. 

Digital (+5V) power supply pin. 

Digital ground pin. 

Analog signal input pins. 

Read path AGC Amplifier output pins. 

Analog input to the hysteresis comparator, and differentiator. 


Analog input to the clock comparator, differentiator. In the 34P553/5531, 
CIN+ is connected to DIN+, CIN— is connected to DIN-. 


Pins for external differentiating network. 


Test point for monitoring the flip-flop clock input. Pull down resistor 
required. 


Test point for monitoring the flip-flop D-input. Pull down resistor required. 
n AGC timing capacitor or network is tied between this pin and AGND1. 


VPA1 
AGND1 
VPA2 
AGND2 

VPD 

DGND 

IN+, IN— 
OUT+, OUT- 
DIN+, DIN— 
CIN+, CIN— 


DIF+, DIF— 
COUT 


DOUT 
YP. 


88) 


O 


=— 


AGC Reference input voltage for the read data AGC loop. 

LEVEL Output from fullwave rectifier that may be used for input to the hysteresis 
comparator. 

HYS Hysteresis level setting input to the hysteresis comparator. 

TRKAA Fullwave rectifier output. This output has the same DC level as the LEVEL 
pin, i.e.,<0.3V with no AC signal and= 1V_,, with a 1V,, AC signal at DIN+/ 
DIN-. 

HOLD TTL compatible pin that holds the AGC gain when pulled low. 

EGC External Gain Control. This is a TTL input pin that allows the AGC gain to 


be controlled by either BYP or the VEGC pin voltage. When AGE is high, 
the AGC gain is controlled by VEGC and the internal charge pump to BYP 
is disabled. 


The voltage at this pin is used to control the AGC gain when the EGC pin 
is held high. 


Read Data Output. This is the TTL output from the pulse detector. This 
signal may be fed directly into the RDT input. 


VEGC © 


IREF Timing program pin: the VCO center frequency, Phase Detector Gain and 
the 1/4 cell delay are a function of the current source into pin IREF. The 


current is set by an external resistor, RR connected from IREF to VPA2. 


FLTR /O Filter pin: the phase detector output and VCO input node. The loop filter 
is connected to this pin. | 
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PIN DESCRIPTION (Continued) | 


TYPE | DESCRIPTION 


Synchronized Read Data: read data that has been re-synchronized to VCO clock. 


Window Symmetry Direction: controls the directions of the optional window symme- 
try shift. Pin WSD has an internal resistor pull-up. 


Window symmetry control bit: a low level introduces a window shift of 5% TORC 
(read reference clock period) in the direction established by WSD pin. WSO has an 
internal resistor pull-up. 


Window Symmetry Control bit: a low level introduces a window shift of 15% TORC 
(read reference clock period) in the direction established by WSD. A low level at both 
WSO and WS7 will produce the sum of the two window shifts. Pin WS7 has an 
internal resistor pull-up. 


Window Symmetry Latch: used to latch the input window symmetry control bits 
WSD, WSO, WS1 into the internal DAC. An active low level latches the input bits. 


WINDOW SYMMETRY ADJUST PINS: Provides analog control over the decode 
window symmetry; typically used to null out any window symmetry offset. A resistor 
connected from either RF or RS to AGND will provide magnitude and direction 
control. They can be used in conjunction with the digital control port WSD, WSO, 
WS1. 


Read gate: selects the PLL reference input and initiates the PLL synchronization 
sequence. A high level selects the internal RD+ inputs. A low level selects the crystal 
reference oscillator, Pin RG has an internal resistor pullup. 


Write Gate: enables the write mode. Pin WG has an internal resistor pullup. 
VCOCLK: Anopen emitter ECL output test point. Two external resistors are required 


to perform this test. They should be removed during normal operation for reduced 
power dissipation. 


RDT Read Data input. This TTL input comes from the RDO output of the pulse detector. 
This signal is active low. 

PDWN1 Power Down input. When this input is low, the chip enters low power mode. This pin 
has an internal pullup resistor, and may be left open or tied high if not used. 

REF CLK Reference Clock. This is a TTL input at the code rate that is used as the reference 
for the VCO in idle mode. 
VCO output. This is the VCO signal converted to a TTL level. 


PLL Reference Test Point. In write and idle modes, this is the reference oscillator 
signal. in read mode, it is the delayed read data (DRD) signal. This is an ECL level 
output. PLL_REF can be compared to VCOCLK to see the window centering 
accuracy. 
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ELECTRICAL SPECIFICATIONS 
Unless otherwise specified, 4.75V < VPA 2 < 5.25V, 25°C < Tj < 135°C, 1.2 MHz < 1/TVCO < 2.4 MHz. 


ABSOLUTE MAXIMUM RATINGS 
Operation outside these rating limits may cause permanent damage to this device. 


PARAMETER | RATING UNIT | 
5V Supply Voltage, VPA1, VPA2, VPD ee a V 
Pin Voltage (Analog pins) -0.3 to VPA1,2+0.3 


Pin Voltage (All others) -0.3 to VPD + 0.3 V 
or +12 mA 


Storage Temperature -65 to 150 
Lead Temperature (Soldering 10 sec.) | 2600 


RECOMMENDED OPERATING CONDITIONS 
Currents flowing into the chip are positive. 


PARAMETER CON DITIONS 


POWER SUPPLY 


PARAMETER 


IVPA1, 2 Supply Current Outputs unloaded 
IVPD PDWN1= high or open 


Power dissipation Ta = 25°C, outputs unloaded 
PDWN1= high or open 


PDWN1 = low 


PDWN1 = low 
Outputs unloaded 


Outputs unloaded 
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LOGIC SIGNALS 


PARAMETER CONDITION 
2 


vi = 0.4V 0.0 
iL WG Input Low Current | ViL=04v | 0.0 
NH Input High Current PVIH=24v00¢~Ci*i“‘LSO 
VOL Output Low Voltage }1OL=40mA isis 


VOHT Test Point 262Q to VPD 
4020 to GND 
VPD = 5.0V 

VOHT - VPD 


262Q to VPD 
402Q to GND 
VPD = 5.0V, VOHT - VPD 


Output High Level 
PLL_ REF, VCOCLK 


VOLT Test Point 
Output Low Level 
PLL_ REF, VCOCLK 


* Output load is a 4K resistor to 5V and a 10 pF capacitor to DGND. 
MODE CONTROL 


Enable to/from PDWN1 | Settling time of external 
Transition Time Capacitors not included, 
PDWN pin high to/from low 


RG Time Delay 


READ MODE (WG is low) 


AGC AMPLIFIER 

Unless otherwise specified, recommended operating conditions apply. Input signals are AC coupled to IN+. 
OUTS are loaded differentially with 340Q x 2 to VPA1, and each side is loaded with < 10 pF to AGND1, and AC 
coupled to DIN+. A 0.1 uF capacitor is connected between BYP and AGND1. AGC pin is open. 


Gain Range 1.0 Vpp < (OUT) - (OUT-) 
< 3.0 Vpp 


Maximum Output 
Voltage Swing 


Differential Input Resistance (iN-+) - (IN-) = 100 mVpp 
@ 2.5 MHz 
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AGC AMPLIFIER (Continued) 


Differential Input Capacitance (IN-+) - (IN-) = 100 mVpp 
| @ 2.5 MHz 


WG = low, IN+ or IN- 
WG = high, IN+ or IN- 


| Bandwidth -3 dB bandwidth at 
maximum gain 


| OUT+ & OUT- Pin Current No DC path to AGND1 


CMRR (Input Referred) (IN+) = (IN-) = 100 mVpp 
@ 5 MHz, gain set to max 


PSRR (Input Referred) VPA1, 2 = 100 mVpp 

@ 5 MHz, gain set to max 
(DIN+) - (DIN-) Input | 25 mVpp < (IN+) - (IN-) 
Swing vs. AGC Input < 250 mVpp, HOLD = high, 


m 


— 
| Vppv 


< 1.5 Vpp 


Vpp/V 


(DIN+) - (DIN-) Input Voltage 25 mVpp < (IN+) - (IN-) 
Swing Variation < 250 mVpp 


AGC Voltage 


Slow AGC Discharge Current (DIN+) - (DIN-) = OV, 
AGC pin open 


Fast AGC Discharge Current Starts at 0.9 us after WG 
goes low, stops at 1.8 ps 
after WG goes low 


BYP Leakage Current HOLD = low 
Slow AGC Charge Current (DIN+) - (DIN-) = 0.563 VDC, 
AGC pin open 
Fast AGC Charge Current (DIN+) - (DIN-) = 0.8 VDC, 
AGC pin open 


Fast to Slow Attack [( DIN+ )— (DIN — )] 
Switchover Point [( DIN+ )— (DIN—)] FINAL 
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AGC AMPLIFIER (Continued) 


PARAMETER CONDITION 


Gain Decay Time (Td) (IN+) - (IN-) = 250 mVpp to 
125 mVpp @ 0.6 MHz, 
(OUT+) - (OUT-) to 90% final 
value 


(IN+) - (IN-) = 50 mVpp to 


25 mVpp at 0.6 MHz 
(OUT+) - (OUT-) to 90% 
final value 

Gain Attack Time WG = high to low 
(IN+) - (IN-) = 250 mVpp 
@ 0.6 MHz, (OUT+) - (OUT-) 
to 110% final value 


WRITE MODE (WG is high) 


PARAMETER CONDITION 
Single Ended Input IN+ or IN- 
Impedance (Each Side) 

HYSTERESIS COMPARATOR 


Unless otherwise specified, recommended operating conditions apply. Input (DIN+) - (DIN-) is an AC coupled, 
1.0 Vpp, 0.6 MHz sine wave. 0.5 VDC is applied to the HYS pin. WG pin is low. 


Input Signal Range 


Differential Input Resistance (DIN+) - (DIN-) = 100 mVpp 
@ 0.6 MHz 

Differential Input Capacitance (DIN+) - (DIN-) = 100 mVpp 
@ 0.6 MHz 

Single Ended Input DIN+ or DIN- 

Impedance (Each Side) 


Level Pin Output Voltage 0.6 Vpp < (DIN+) - (DIN-) 


BAS 


Oo 

(oe) . 

RO ol 
— 
— 
= 
on 
S 
xo) 
x?) 


0.85 


mes 4 
0.36 | 0.44 


vs. (DIN+) - (DIN-) < 1.5 Vpp, 10K between 
LEVEL and AGND 


Level Pin Output Impedance LEVEL = 0.2 MA 


Hysteresis Voltage at DIN+t 0.3 V < HYS < 1.0V 
vs. HYS Pin Voltage 


nm 
So 
° 
ww 
=) 
ros) 
re) 
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HYSTERESIS COMPARATOR (Continued) 


ACTIVE DIFFERENTIATOR 
Unless otherwise specified, recommended operating conditions apply. Input (DIN+) - (DIN-) is an AC-coupled, 
1.0 Vpp, 0.6 MHz sine wave. 100Q in series with 265 pF are tied from DIF+ to DIF-. 


Input Signal Range ae 

Differential Input Resistance (CIN+) - (CIN-) = 100 mVp-p 
@ 2.5 MHz 

Differential Input Capacitance (CIN+) - (CIN-) = 100 mVp-p 
@ 2.5 MHz 


Common Mode Input Impedance | Both sides | 2.0 | 


Voltage Gain From (DIF+ to DIF-) = 2 kQ 
CIN+ to DIF+ 


DIF+ to DIF- Pin Current Differentiator impedance must 
be set so as to not clip the 
signal for this current level 


COUT Pin Output Low Voltage | 5 kQ from COUT to GND PA2 | VPA2-2 | VPA2 


| “2. -1.3 
COUT Pin Output High Voltage 5 kQ from COUT to GND VPA2 | VPA2 -1.6 | VPA2 
“1.1 


mt tt 
| | | Fast Slow 


Fast Slow Discharge Discharge 
Charge Charge 


Figure A: AGC Attack Sequence Figure B: AGC Decay Sequence 


FIGURE 7: AGC Timing Diagram 
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QUALIFIER TIMING (See Figure 8) 


Unless otherwise specified, recommended operating conditions apply. Inputs (DIN+) - (DIN-) are an AC coupled, 
1.0 Vpp, 0.6 MHz sine wave. 100Q in series with 265 pF are tied from DIF+ to DIF-. 0.5V is applied to the HYS 
pin. COUT and DOUT have a 5 kQ pull-down resistor (for test purposes only.) WG pin is low. RDO is loaded 
with a 4 kQ resistor to VPD and a 10 pF capacitor to DGND. 


Td1 D Flip-Flop Set Up Minimum allowable time 
Time delay from (DIN+) - (DIN-) 
exceeding hysteresis 
point to (DIF+) - (DIF-) 
hitting a peak value. 


Td3 Propagation Delay 
| Td3-Td4| Pulse Pairing 
Td5 Output Pulse Width 


+HYSTERESIS LEVEL 
V(CIN+) — (CIN-) 
and OV 
V(DIN+) — (DIN-) 


—HYSTERESIS LEVEL 


VpOUT 


V (DIF+ — DIF-) 


DIFFERENTIATOR 
COMPARATOR OUTPUT 


VCOUT 


RD TEST PT 
OUTPUT 


FIGURE 8: Read Mode Digital Section Timing Diagram 
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SYNCHRONIZER SECTION 


READ MODE 


|TRVCO, VCO Output Rise Time | o8Viozov.c.s 15pF_ | || | 8 
ae ie eae 


(TVCO)+12 


, ae a 
TFSRD, Read Data Fall Time 20Vt008V,CL<15pF | | | 8 | 
TPSRD, SRD Output Falling edge of VCO to 15 
Setup/HoldTime either edge of SRD 
TRO, ADTinputPuse with | «L280 | _—crvcya 
TWVCO, VCO Output .26TVCO .74TVCO 
Pulse Width (Includes Effects of -10 
Window Shift) 


WINDOW SYMMETRY CONTROL CHARACTERISTICS 
PARAMETER CONDITIONS 


<i hel 


Set Up Time 


TWSH WS0, WS1, WSD 
Hold Time 


DATA SYNCHRONIZATION 


PARAMETER 


TVCO VCO Center Frequency 
Period 


CONDITIONS 


VCO IN = 2.7V 
TO = 83.8 (RR + 1.78), 
RR = 3k to 9k 

VPA2 = 5.0V 


VCO Frequency 1.0V < VCO IN < VPA2-0.6V +22 
Dynamic Range VPA2 = 5.0V 
KVCO VCO Control Gain wo = 2n/TO 0.16 wo 
1.0V < VCO IN s VPA2-0.6V 
KD Phase Detector Gain KD = 0.538 / (RR+500) 0.83 KD 
VPA2 = 5.0V , 


0.25 wo | rad/s V 


A/rad 


1.17 KD 
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DATA SYNCHRONIZATION (Continued) 


7 KVCO x KD Product 
Accuracy 

VCO Phase Restart Error 
Decode Window 
Centering Accuracy 


Decode Window 


TS1 Decode Window Time TWS1 = 05 TVCO 
Shift WSO = 0; WSI = 1 

TS2 Decode Window Time TWS2 = .1 5 TVCO 
Shift WSO = 1; WSI = 0 

TS3 Decode Window Time TWS3 = .2 TVCO 
Shift WSO = 0; WSI = 0 


TSA Decode Window Time 
Shift TWSA =0.29 TVCO ( 


WSO = 1: WSI = 1 


* Not directly testable; design characteristics 


_ 3260+R 
5950+R 


}+-Twss->1<-TWsH >| 


1.5V 


FIGURE 9: Window Symmetry Control Timing 


FIGURE 10: Read Mode Timing 
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FIGURE 11: VCO Timing 


APPLICATIONS INFORMATION 


The SSI 34P553/5531 PLL uses a new architecture 
which incorporates an accurate quarter cell delay circuit. 
The standard architecture of a data synchronizer PLL 
is shown in Figure14A. in read mode, the rising edge of 
the quarter cell delay enables the phase detector, and 
the falling edge is locked to the VCO. Ideally, the 
quarter cell delay enables the phase detector one half 
of an encoded bit cell time before the phase comparison 
takes place. A data bit could then shift early or late by 
one half of an encoded bit cell time before a phase 
detector output error would occur. If the quarter cell 
delay is not exactly one half of an encoded bit cell time, 
a phase detector error will occur when the read data 
shifts by an amount that is smaller than one half of an 
encoded bit cell time when shifting in one direction and 
an amount larger than one half of an encoded bit cell 
time in the other direction. In addition, when an error 
occurs, the resulting charge pump output goes from 
maximum output one way to maximum output the other 
way. This can cause loss of lock to occur. The timing is 
shown in Figure 15. 


The SSI 34P553/5531 achieves an accurate quarter 
cell delay time by using the VCO control voltage to 
compensate the quarter cell delay one-shot circuit for 
process, temperature and power supply induced 
timing variations. The modified architecture of the SSI 
34P553/5531 data synchronizer is shown in Figure 
16B. Because the quarter cell delay timing is adjusted 
by the VCO control voltage, there is an effect on the 
PLL transfer function due to the new quarter cell delay 
Circuit. 


The quarter cell delay circuit produces a time delay 
output in response to a voltage input. Inordertoinclude 
this function in a phase-locked loop, the time delay 
function must be converted into a phase function. This 

is straightforward, since a time delay is equivalent toa 
phase angle. The equivalent phase representation of 
the quarter cell delay is derived below. 


Forthe VCO: Kk, = 2% (1a) 
dV 
ST _ 4/1 )___1 4fo __ 7 25fo__ To* dWo 
qv aVi fo) foe av | dv 2 dv (1b) 
where 
K, = VCO gain 


a, = VCO center frequency (rad/s) 
f, = VCO center frequency (Hz) 
T, = VCO center frequency (sec) 


For the quarter cell delay, 

dq, 2x _ dT, dw 
=—2 = 9 = T. 2 
TGV To dv dV 


=-—aT,K, 
where: 
8, = Phase due to quarter cell delay circuit 
T, = VCO center frequency period 
T, = Quarter cell delay time 
a= T/T, = 0.5 for the 32P548 


The gain of the quarter cell delay block is constant in 
the SSI 34P553/5531, regardless of the values of other 
components. 


For the SSI 34P553/5531, the nominal value of K, is 
0.177. 
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PLL TRANSFER FUNCTION 


There are two modes of operation of the PLL, and two 
transfer functions. In write and idle modes, the PLL is 
locked to the reference oscillator, and the quarter cell 
delay does not enter into the transfer function. In read, 
mode, the PLL is locked to read data, and the quarter 
cell delay is included in the transfer function. In addi- 
tion, the effective loop gain of the PLL increases in idle 
mode due to the phase detector. This will be explained 
later in more detail. 


The transfer functions for read and idle modes are 
given in (3) and (4), respectively. 
(3) 


NKoK gF(s) 
89 (S) _ S 
6, (s) NK oK gF(s) 
1+ iS se 
nK oKgF(s) (4) 
9o(S) _ S 
6, (s) nA nKoK gF(s) 


S 
where: 
K; = Quarter cell delay one-shot gain 
Ko = VCO gain 
K, = Phase detector gain 
F(s) = Loop filter transfer function 
n = Ratio of input freq. to reference freq. 


In (3) the K term in the denominator is a result of the 
quarter cell delay. Substituting Kt = aKoTo into (3), 


NKoKgF(s) 
Qo (S) _ S 
8r(s) 1+(1-saT ora 


The additional -saT, term in the denominator due to 
the quarter cell delay introduces positive feedback. 
However, the gain of the positive feedback is always 
less than one, so there is no instability. The additional 
term is not always negligible, and must be taken into 
account in the loop analysis and design. 


Two loop filter configurations, shown in Figure 12, will 
be considered. Both filters result ina second order type 
2 loop transfer function, with only minor differences in 
the loop equation. 
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Cy 
Ry 
Ry 
Cy 


(a) 
FIGURE 12: Loop Filter 


The transfer function of the loop filter for a charge- 
pump PLL is the transimpedance, V,j/I, (s), where 
V, (Ss) is the output voltage, and |, (s) is the input 
current. The transfer functions of (a) and (b) are given 


by: 
sRy4Cy = - (6) 
s(C1+C2)| sR v2 7) 
7 sR, (C,+Co)+1 


C1+Co 
sC(sR;C2 +1] 


Fa(s) 


Fp (S) (7) 


For loop filter (a), C, is normally chosen to be much 
smaller than C, so that it does not affect the loop 
transfer function significantly. Assuming that C, » C, 
andsR,C, « 1 atthe frequencies of interest, (6) reduces 
to: 
sRyCy +1 (8) 
Fa (Ss)=—_——_ 
a(S) sCy 
For loop filter (b), C, is normallly chosen to be much 
smaller than C, so that it does not affect the loop 


transfer function significantly. Assuming that C,»C, 


and that sR,C, « 1 at the frequencies of interest, (7) 
reduces to: 
sR4C4+1 (9) 
$)=—- 
NS er? 
Equations (8) and (9) are the same, and either loop 
filter may be used. Substituting (8) into (3) gives: 


(10) 
__Kokd —_(6rscye 
90(S) S Cy (1- aTgnKgKgR3) 
G(s) 2,,  AKoKd (palo), nKoKg 
1—aTonKgKgRy\ | Cy} Cy(1-aTonKoKgRy) 
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This is in the form of a standard second order transfer 
fucntion. The denominator has the form: 


D(s) = s2 + 2C@,S + @,2 (11) 


¢ = damping factor 
@, = natural frequency 


where: 


The damping factor and natural frequency of (10) can 
be extracted: 


ran nKoKq (12) 
N'Y C4(1- aTonKgKgR4) 


alo (13) 


Ry-—— , 
Ie : Cy NKgKgC4 
2 1- aTonKoKgR4 


Substituting (8) into (4) gives the transfer function for 
idle mode: | 
(14) 


nKoKg . 
sR4C4+1 
ols) (sR4C1+1) 


O(S) 52 +s(nKgKgRy)+ 


nKoKg 

Cy 
Again, this is in the form of a second order transfer 
function. The damping factor and natural frequency are 


found to be: 
ae [nKoKg (15) 
Cy 


cat nKoKaCy (16) 
To design the loop for proper read mode operation 
using (12) and (13), R, and C, must be found in terms 
of the damping factor and natural frequency. 


To do this, first find C/w,, then solve for R,C;. 
(17) 
R4C4 26, alo 
@n 
Substitute this value for R,C, into the equation for , 
and solve for C,. 


(18) 
Ci= nosd + aTonKgKg [. ao) 
On On 

Now that C, is known, R, can be found by dividing (17) 

through by C.,. 
2¢ 1 
Ry= | —-+aTo |— 19 
1 [22 o| Cy ( ) 
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EXAMPLE 1 


Assume that the data rate is 0.6 Mbit/s, C=0.7, alength 
of 20 2T patterns for the loop to lock is used, and 
w,t= 5.7 for error < 1%. 


n = 0.5 due to the 2T pattern. 
= 833ns 


0-7 


fo 1.2°10° 
Wo = 2m fy = 2m (1.2 © 10) = 7.54 * 10° rad/s 


Op= 0.5 
For the SSI 34P553: RR= 227 ~1.79(kQ) = 8.17kQ 


where DR = Data Rate in Mbit/s 


rad/sec 
=0. = 1,28¢10° ———— 
Ko 0.17 Wo 28°10 Volt 
0.62 6 
= ———— = 71,51°10°° A/rad 
dRR+500 


K, = 0.17n = 0.534 


Assuming a length of 20 2T patterns, then: 
t = (20) (2) (833) ns = 33.3 ps 


on=— > — = 1.71108 rad/s 
33.3 US 


C, = 1565 pF + 165.6 pF = 1.73 nF 
R, = 5.02 kQ 


The resulting loop filter is shown in Figure 13. 


R, 173 pF 
5.02 kQ 
FIGURE 13 


The value of Cz = C,/10 is chosen to damp out 
transients on the FILT pin and meet the requirement 
Co bo C,. 


When the loop locks to the reference oscillator in idle 
mode, the loop transfer function is given by (14), anda, 
and € are given by (15) and (16). R,; and C, from 
Example 1 can be substituted into these equations to 
find the resulting natural frequency and damping factor 
in idle mode. 
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LOOP 


FIGURE 14A: Standard Configuration of a Data Synchronizer Phase-Locked Loop 


PHASE DETECTOR 


FIGURE 14B: Phase-Lock Loop System Representation 


IDEAL READ 
DATA PULSE 


ACTUAL READ 
DATA PULSE 


QUARTER CELL 
DELAY OUTPUT 


vco 


+1 () 
PHASE DETECTOR 
OUTPUT 


FIGURE 15A: Phase Detector Timing with Ideal Quarter Cell Delay. For an ideal pulse (1), there is no phase 
detector output. When a pulse is shifted late (2) or early (4) by less than the quarter cell delay time, the phase 
detector output is negative or positive, respectively. When the read data is shifted late (3) or early (5) by more than 
the quarter cell delay time, a phase detector output polarity error occurs. In this case, the output polarity becomes 
positive for a late shifted pulse and negative for an early shifted pulse. 
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READ DATA | | 
QUARTER CELL | | 
DELAY OUTPUT 


PHASE DET. 
ENABLE 


t Ty ' To : 


4 
VCO | | | | | 


CASE 1: DELAY OUTPUT IS EXACTLY CASE 2: DELAY OUTPUT IS GREATER THAN CASE 3: DELAY OUTPUT IS LESS THAN 
Y, BIT CELL. T; = Tz ¥, BIT CELL TIME. Ty < Tp \, BIT CELL TIME. T, > Tp 


FIGURE 15B: Timing of Phase Detector Enable Logic. The read data input pulse can shift to the left by T1 and 
to the right by T2 before an error occurs in the phase detector output polarity, If the quarter cell delay output is not 
exactly 1/4 bit cell wide, then T1 # T2, as shown in cases 2 and 3. 


DELAY 
CONTROL LOOP 
FILTER 
READ DATA 

REF OSC 


MODE 
CONTROL 


Quarter Cell 
Delay Gain 


Quarter Cell 
Delay 


FIGURE 16B: Modified Data Synchronizer System Representation 
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PACKAGE PIN DESIGNATIONS 
(Top View) 


34P553 34P5531 


52-Pin QFP 52-Pin QFP 


ORDERING INFORMATION 


PART DESCRIPTION ORDERING NUMBER PACKAGE MARK 


SS! 32P553 Pulse Detector & Data Synchronizer 


52-Pin QFP 32P553-CG 32P553-CG 


SSI 32P5531 Pulse Detector & Data Synchronizer 
52-Pin QFP 32P5531-CG 32P5531-CG 


Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations and 
are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 
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1291 - rev. 9-23 ©1991 Silicon Systems, Inc. 


Notes 


9-24 


A TDK Group J Company Read/Write Device 


| SSI 34R575 
sgn sen ° 2 or 4-Channel Floppy Disk 


November 1991 
DESCRIPTION FEATURES 


The SSI 34R575 device is a bipolar monolithic inte- ) Operates on +5 V, +12 V power supplies 
grated circuit used in floppy disk systems for head 
control and write, erase, andread select functions. The * Two or four channel capability 
device has either two or four discrete read, write, and © TTL compatible control inputs 
erase channels. Channel select inputs are TTLcom- _, R 

ead/Write functions on one-chi 
patible. The SSI 34R575 device requires +5 V and i 
+12 V power supplies and is available in 18-pin ° Internal center tap voltage source 
(2-channel version) or 24-pin (4-channel version) dual ¢ Supports all disk sizes 


inline packages. 
Iné packages e Applicable to tape systems 


BLOCK DIAGRAM PIN DIAGRAM 


WG re Vpp 


OIFFERENTIAL 
EAD 
PRE-AMPLIFIERS 
AND 
WRITE 
DRIVERS 
(4 CHANNELS) 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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FUNCTIONAL DESCRIPTION 


The SSI 34R575 functions as a write and erase driver 
or as a read amplifier for the selected head. Two TTL 
compatible inputs are decoded to select the desired 
read/write and erase heads. Head select logic is 
indicated in Table 1. Both the erase gate (EG) and 
write gate (WG) lines have internal pull up resistors to 
prevent an accidental write or erase condition. 


MODE SELECTION 


The read or write mode is determined by the write gate 
(WG) line. The input is open collector TTL compatible. 
With the input low, the circuit is in the write mode. With 
the input high (open), the circuit is inthe read mode. In 
the read mode, orwith the +5 V supply off, the circuit will 
not pass write current. 


ERASE 


The erase operation is controlled by an open collector 
TTL compatible input. With erase gate (EG) input high 


PIN DESCRIPTION 


Write data line 


DESCRIPTION 


X, Y head connections 


X, Y Read Data: Differential read signal out 
Write gate: sets write mode of operation 


Write current: current mirror used to drive floppy disk heads 


Erase gate: allows erasure by selected head 


Erase head driver connections | 


Head select inputs 
Ground | 


Center Tap Voltage Source | 
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(open) or the +5 V supply off, the circuit will not pass 
erase current. With EG low, the selected open collec- 
tor erase output will be low and current will be pulled 
through the erase heads. 


READ MODE 


With the WG line high, the read mode is enabled. Inthe 
read mode the circuit functions as a differential ampli- 
fier. The state of the head select input determines 
which amplifier is active. When the mode or head is 
switched, the read output will have a voltage level shift. 
External reactive elements must be allowed to recover 
before proper reading can commence. A current 
diverting circuit prevents any possible write current 
from appearing on a head line. 


WRITE MODE 


With the WG line low, externally generated write cur- 
rent is mirrored to the selected head and is switched 
between head windings by the state of the write data 
(WD) signal. 
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TABLE 1: HEAD SELECT LOGIC 


4- CHANNELS 


2 - CHANNELS 


ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 
(Operating above absolute maximum ratings may damage the device.) 


PARAMETER | 
Vdd 


Write Current 


Digital Input Voltages: | DX, DY, HSO, HS1, WD -0.3 to + 10 


EG, WG -0.3 to V,, + 0.3 V 
DX, DY Output Current mA 
VCT Output Current mA 


Storage Temperature Range -65 to + 150 °C 
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RECOMMENDED OPERATING CONDITIONS (0°C<Ta<50°C, 4.7 V<Vcec<5.3 V, 11 V<Vpp<13 V) 


PARAMETER 


Vcc Supply Current 


Vcc MAX 


Vop MAX 
Vop MAX | 


IE =80 mA 0.7 


CONDITIONS 


High Level Voltage 


Low Level Current Vin = 0 volts 
High Level Current Vin = 2.7 volts are 


"WRITE GATE (WG) and ERASE GATE (EG) 
-0.3 
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READ MODE 


PARAMETER 


Differential Gain 


Bandwidth 


Input Voltage Range for 95% 
Linearity 


BW = 100 Hz to 1 MHz, 
Z Source = 0 
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SWITCHING CHARACTERISTICS 


PARAMETER CONDITIONS 


Delay to 90% of Write Current 


T1 in Fig. 1 


HEAD 
CURRENT 


FIGURE 1: Head Current Switching Delay 
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PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 


24-Pin DIP 18-Pin DIP 


ORDERING INFORMATION 


PART DESCRIPTION ORDERNO.~~~=PKG.MARK 


SSI 34R575 24-Pin DIP 34R575-4CP 34R575-4CP | 
SSI 34R575 18-Pin DIP 34R575-20P 34R575-2CP 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 


reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 


Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX: (714) 573-6914 
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A TDK Group f Company Floppy Disk Drive 


1 Bs SSI 34B580 
sign yes ; Port Expander 


July 1990 
DESCRIPTION FEATURES 


The SS! 34B580 device is a bipolar integrated circuit. » Reduces package count in flexible disk drive 
that serves as an input/output port expander for an systems 
8084 type microprocessor based floppy disk drive 


system. The device consolidates functions normally ¢ Replaces bus interface and combinational 


performed by a variety of LSTTL, SSI, AND MSI logic devices between the SSI 34P570, on 
devices. The combination of an SSI 34P570 (read, board microprocessor and mechanical inter- 
write, and erase device), an 8048 type microprocessor, faces 


anc the SSI 34B580 provides the majority of electron- 
ics required for a SA400 type floppy disk drive system, , 
including host interface bus driver and receiver. In 
addition to its port expansion function, the SSI 34B580 
processes system data and provides both pulse width - : 
and delay control (adjustable by external elements) for ° Provides drive capability for mechanical and 


Surface mount available for further real 
estate reduction 


the INDEX SENSOR input. The device requires a system interfaces 
single +5 V power supply and is available in a 28-pin 
package. 
BLOCK DIAGRAM PIN DIAGRAM 
P23 a 1 
Din a WGATEW a 3 
we MOTOR ON | 4 
MOTOR ON OR] | 5 
wate [+ a Oi 
bs [ E age Oi 
S proc [| 8 


TRACK 0 SENSOR WR PROT SENSOR | 9 


TRACK 0 SENSOR | 10 
WR PROT SENSOR 


INDEX SENSOR | 11 
INDEX SENSOR 

GND | 12 
ACD ia 13 


RCW a 14 


RCD 


ACW 


“| RDDATAOUT 
RD DATA IN 


CAUTION: Use handling procedures necessary for 
a static sensitive component. 
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SSI 34B580 
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Floppy Disk Drive 


FUNCTIONAL DESCRIPTION 


PORTS 


The SSI 34B580 has two 4-bit input ports, Port A and 
Port B. Port A receives data from the host interface bus 
for conveyance to the drive’s read/write circuitry and to 
the microprocessor. Three sensors report the status of 
the drive to the 34B580 via Port B. Common to both 
ports is a drive select (DS) signal from the host inter- 
face bus. This allows the host to address separate disk 
drives. There is also a 4-bit bidirectional port on the 
SSI 34B580. This is port 2 and it can be used by the 
microprocessor to write to or read from the 
SSI 34B580. 


READ MODE 


Ports A and B canbe read by a microprocessor via Port 
2. This allows the microprocessor to obtain data from 
the host interface bus and the status sensors. The 
PROG signal from the microprocessor provides the 
timing for the operation. First an OP code and a port 
address must be placed on Port 2 (see Table 1), then 
latched in on the falling edge of PROG. When the OP 
code and addresses have been decoded, the desired 
input port is selected and output on Port 2. The 
operation is terminated by the rising edge PROG, 
which returns Port 2 to the input mode. 


WRITE MODE 


In the write mode the microprocessor passes system 
parameters to the SSI 34B580 for logic processing and 
outputting. Table 2 shows how each bit of Port 2 affects 
the SSI 34B580. A logic one on the zero bit of Port 2 
will reset the index latch. P21, qualified by the DS 
signal, sends a “this drive ready” signal from the 
microprocessor the the host interface bus. Similarly 
P22 is DS qualified and sent to the host as a signal that 
the head is positioned over track 0. P23 is used inthe 
logic that sends a R/W signal to the drive’s read/write 
circuitry. The write mode occurs when the proper OP 
code and address is placed on Port 2 and latched in on 
the falling edge of PROG (see Table 2). The micropro- 
cessor writes in the data on PROG’s rising edge. 


INDEX PULSE 


An optical sensor connected to the INDEX SENSOR 
pin detects the diskette’s index marker. The state ofthe 
index sensor is latched into the SS! 34B580 and is 
available to be read by the microprocessor on P22. 
The latch may be reset by writing aone to P20 from the 
microprocessor. The pulse received from the sensor 
also drives the host interface signal INDEX, the width 
and delay of which can be controlled by external R/C 
circuits. The time constant attached to the R/C D pin 
determines the delay from the INDEX SENSOR input 
to the INDEX signal on the host interface bus. The 
equation for the delay is Td = 0.59Rd x Cd (seconds). 
The width of the INDEX signal is determined by the 
circuit attached to the R/C W pin and the equation Tw 
= 0.59Rw x Cw (seconds). 


INTERRUPT 


The INTR signal is asserted every time a step com- 
mand is issued to the drive on the host interface bus. 
Thus when INTR is tied to the interrupt pin of 8048 type 
microprocessor, an interrupt service routine will be 
executed on each step command. This routine typi- 
Cally obtains information on the direction the heads 
should move and the status of the track 0 sensor to use 
for generating the stepper motor control signals. The 
interrupt signal is cleared (set high) by first placing the 
the proper OP code and address on Port 2 (seeTable 
2). This is latched in on the falling edge of PROG, then 
on its rising edge logic ones on P20 and P21 will be 
latched in to set INTR back to a high state. Note that 
an indeterminate operation will result from holding the 
INDEX SENSOR latch reset (holding P20 high). 


T1 PIN 


This signal changes state with the STEP command of 
the host interface bus when the drive is selected. It 
drives the T1 pin on an 8048 type microprocessor 
which is an input to a counter. The 8048 can use this 
count and the DIR signal read from Port 2 of the 
SSI 34B580 to monitor the head position and issue a 
CB (current boost) command to the SSI 34P570 when 
a specific track is reached. 
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SSI 34B580 
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Floppy Disk Drive 


INPUT TO PORT2 READ FROM PORT 2 
OP Input 
Code Addr. Port 
P22 P20 P23 P21 P20 
DS WR Track 0 | 
Sensor Sensor Sensor 
Latch 


itll Rec OR ORE 


TABLE 1: Read Mode 


OP 
Code 
P22 


Where Z = (P23 * WR PROT SENSOR) + (DS - WGATEIN) 


TABLE 2: Write Mode 


OUTPUT VALID 


FIGURE 1: Timing Diagram 
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SSI 34B580 
Port Expander 
Floppy Disk Drive 


PIN DESCRIPTIONS 


P20 - P23 4-bit bidirectional port, referred to as Port 2. 
WGATE IN P| This input command to write is asserted by the host interface bus. 


MOTOR ON This input command to turn on the spindle motor comes from the 
host interface bus 
Input from the host interface bus selecting the direction in which the 
stepper motor should move the head. 


INDEX SENSOR Input from the photodiode that indicates the index marker in the 
diskette. ? 

WR PROT SENSOR Input from the photodiode that indicates if the diskette is write 
protected. 

TRACK 0 SENSOR Input from the photodiode that detects when the head is positioned 

| over track 0. 

STEP Input from the host interface bus indicating that the head should be 
moved. 

T1 This pin changes state when a STEP commandis received fromthe 

2 host interface bus. 
RD DATA IN and /O Read data path 
RD DATA OUT 


WGATE | © | Output to the disk drive's read/write circuitry. 


INDEX lO Output to the host interface bus indicating index sensor status. 
fOr Output to the host interface bus indicating track 0 sensor status. 
READY On Output to the host interface bus indicating track 0 sensor status. 


Output to the host interface bus indicating write protect sensor 
status. 


Input from the 8048 microprocessor for 1/O control of the 
SSI 34B580. 
INT L OS Output to the interrupt pin of the 8048 microprocessor. 


R 
R/C D and R/C W The external resistor and capacitor networks tied to these pins 
determine the delay and width of the output pulse to the INDEX pin. 
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ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS (All voltages referred to GND) 
Operation above absolute maximum ratings may permanently damage the device. 


PARAMETER RATING 


DC Supply 
Voltage Range (any pin to GND) 0.410 +7 
6 


Storage Temperature -40 to + 125 


ELECTRICAL CHARACTERISTICS 


(Unless otherwise specified, 4.75 < Vcc < 5.25 VDC; 0°C < Ta < 70°C) 


PARAMETER CONDITIONS MIN NOM MAX 


| OutputHighVotage | OH=-4ooa | es | 
1OL = 2 mA et LO 
| Output High Curent | VOH=525v | 
| OutputLow Voltage | toL=48ma | 


eee 
| Inputow Voltage | 
Vin = 7.0 V 


Schmitt - Trigger Inputs (WGATE IN, MOTOR ON, DIR, DS, STEP) 


aa 

— 

a 

To 

hence ee ee 

a | 

4 

oan 


[Input High Current | iH=2av | 
InputLow Curent | vik=05v | 
input Curent | vin=7ov 
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SSI 34B580 
Port Expander 
Floppy Disk Drive 


High Impedance Inputs with Hysteresis (WR PROT SENSOR, TRACK 0 SENSOR, INDEX SENSOR) 
PARAMETER CONDITION 


Input Current Vin = 0 to Vcc 


TIMING CHARACTERISTICS (Unless otherwise specified; Ta = 25°C; 4.75V < Vccs 5.25V; CL = 15 pf.) 


PARAMETER 


Propagation Delay Time 


CONDITION 
RD DATA IN to RD DATA OUT 


DS to WGATE, TRACK 0 READY 
WR PROT,RD DATA, INDEX 


ry 


PROG to INTR, WGATE, TRACK 0 


(Rising edge) READY, WR PROT 


WR PROT to WGATE, 
WR PROT SENSOR 
WGATE IN to WGATE a 


STEP to T1, P20 


TRACK 0 SENSOR 
WR PROT SENSOR to Port 2 
INDEX SENSOR 


MOTOR ON 
WGATE IN to Port 2 
DS | 


Data Setup Time DIR to STEP 
Data Hold Time DIR to STEP 


Delay Accuracy Td = 0.59 Rd x Cd 
(Pin 13) Ro=3.9Kto 10K 
Co = 75 pF to 300 pF 


Tw = 0.59 Rw x Cw 
Rw =3.9Kto 10K 
Cw = 75 pF to 300 pF 


Pulse Width Accuracy 
(Pin 14) 
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SSI 34B580 
Port Expander 
Floppy Disk Drive 


PORT 2 (P20 - P23) TIMING (Timing Referenced to PROG signal, Figure 1.) 


SYMBOL DESCRIPTION | MIN 
TSA 


fsx esoupime | noo | 
a a 
nto on 

at 

onal 

a 


THD Data-in hold time } 80 | 
TACC Data-out access time ed 
Data-out release time i 


TPW PROG pulse width 


SS! 34B570 
DATA PATH 


HOST 
INTERFACE 
BUS 


SS! 34B570 
vO PORT 
EXPANDER 


= 
x 


“1E9 


SPINDLE ae PHOTODIODE 
MOTOR _L SENSORS (3) 


STEPPER MOTOR 


FIGURE 2: Typical Application 
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SSI 34B580 
Port Expander 
Floppy Disk Drive 


PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 


WGATE IN 26 | | P20 sia 
MOTOR ON 4 25 NOT USED 
i i - 
BIR 24 | WR PROT 
STEP 
Bs & 6 23 g READY 
PROG 


proc [| 8 21 [7] ano WR PROT SENSOR 

WR PROT SENSOR [| 9 WGATE TRACK 0 SENSOR 

TRACK O SENSOR [| 10 INDEX INDEX SENSOR 
RD DATA OUT 


INDEX SENSOR z 11 


|_| ZZ 

GND 12 17 RD DATA IN ee. 2 

: : SEES ; 

rep [| 13 16 [] 1 fo q 

RCW } | 14 15 | | INTR a 
28-Pin DIP 28-Pin PLCC 


|| NOT USED 


ORDERING INFORMATION 


SSI 34B580 
28-Pin DIP 


PART DESCRIPTION ORDER NO 


34B580-CP 
-$S134B580 | 34B580-CH 
28-Pin PLCC 


34B580-CP 
34B580-CH 


No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 


Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX: (714) 573-6914 
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SILICON SYSTEMS LEADS THE WAY 
DEVELOPING MIXED-SIGNAL CUSTOM 
PRODUCTS. 


This is a story about leadership. Silicon Systems is dedi- 
cated to taking the point in the creation of high-performance, 
application-specific custom, Mixed-Signal Integrated Circuits 
(MSICs™), 


Such dedication means we bring a lot to the party. Includ- 
ing truly innovative analog, digital, and mixed analog-digital 
ICs. A full complement of mixed-signal CMOS, BiCMOS and 
Bipolar wafer fabrication processes, state-of-the-art automated 
design tools, production, assembly, test, and QA capability. 


No one’s more experienced 


Our nearly 20 years of successful IC design work makes us 
the most experienced engineering team in the MSICs field. Add 
it all up and you get a company that saves you time and money 
while delivering you the most sophisticated mixed-signal cus- 
tom ICs you can get. 


CMOS Signal Processing 


Bipolar Signal Processing 


Digital CMOS 


faces. 


Application Silicon Systems Designed Examples 


For analog continuous time and sampled 
data (switched-capacitor implementation) 
and Digital Signal Processing (DSP) 
applications. Low-power capability also 
allows inclusion of ROMs, RAMs, and 
other analog/digital subsystems. 


For high-performance, low noise, 
wideband signal acquisition and process- 
ing applications. Offers TTL and/or ECL 
logic interfaces with high current drive. 


For ASIC controllers, sequencers and data 
path applications with on-board ROM, 
RAM, and PLA sub-systems. Offers 
standard TTL and/or CMOS logic inter- 


Digital Bipolar High-speed logic and interface circuitry. ¢ Encoders and decoders 
Offers standard logic or custom interfaces. | * High-speed digital transceivers 


CUSTOM SOLUTIONS 


Faster to market for mixed-signal applications 


Whatever your mixed-signal design application, Silicon 
Systems gives you a competitive advantage. In communica- 
tions, disk drives, other storage products, automotive control 
systems, or other analog/digital signal processing applications, 
you can depend on our technical know-how to do the job right 
and turn your design around faster. 


CMOS. Bipolar. Analog. Digital. 
We’ve done it 


Our designers are an experienced bunch. They’re uniquely 
able to take a look at your specific application problem and 
move quickly to the right IC solution. 


Our team is particularly adept at identifying key issues 
such as power, cost and performance trade-offs. So we can 
gear our efforts toward delivering you an optimized solution, 
manufactured with the appropriate fab process. 


¢ 73K224 complete single-chip 2400 bit/s 
modem 

* C301 single-chip telephone headset 

amplifier 

14.4 kbit modem 

Direct-broadcast satellite descrambler 

Motor controllers 

Hi-resolution analog data acquisition 


¢ Sub 1 nV/VHz HDD R/W amplifiers 
¢ AGC, pulse detection amplifiers 

¢ High-speed data separators 

¢ Wideband transceivers 

PLLs (Phase Locked Loops) 
Optical signal processing 


Hard disk drive controllers 
¢ SCSI interface controllers 
¢ UARTs 

Protocol controllers 

¢ Digital signal processors 


CUSTOM SOLUTIONS 


The right mix of analog and digital 


Providing total analog/digital systems on a chip allows you 
to meet your cost and performance objectives whether you’re 
designing the next generation of communications devices, or 
perhaps an I/O multiplexer to control electronics in 21st century 
automobiles. 


We've turned to CMOS to effectively implement low- 
power, highly integrated systems solutions for everything from 
modems and CATV satellite descramblers to hard disk drive 
controllers and digital signal processors. | 


We’ve gone the Bipolar route to meet the high-perfor- 
mance needs of products like wideband transceivers, R/W 
amplifiers, low-noise amplifiers, pulse detectors, high-speed 
data separators and high-performance, low-power combo de- 
vices. 


On the way is BICMOS technology. It promises to open up 
new horizons of product capability for applications demanding 
optimum performance at the lowest power. 


SOPHISTICATED TOOLS FOR A CUSTOM 
DESIGN 


At each of five design centers capable of worldwide service 
— Tustin, Santa Clara and Nevada City, California; Tokyo and 


Singapore— Silicon Systems employs PEGASYS™, aninternal - 


design automation system developed from carefully selected 
vendor tools and our own proprietary software. Using Mentor 
Graphics workstations for both electrical and physical design, 
PEGASYS helps create complex designs while significantly 
reducing schedules, costs and errors. 


By integrating such helpful third-party tools and custom 
software, we’re better able to design and analyze mixed-signal 
integrated circuits in all CMOS, Bipolar And BiCMOS technolo- 
gies. It’s anapproach that has given us the edge in mixed-signal 
design and helped put Silicon Systems’ customers in a favor- 
ably unique position in the marketplace. 


Schematic Schematic 
Checker Editor 
Filter 
Synthesis 
Circuit 
Simulation 
Timing | 
Simulation 


Switched 


Logic 
Simulation 


Capacitor 
Simulation 


Circuit 
Trace 


Automatic 
Layout 


Documentation 


Specifically, PEGASYS brings the following to each design: 
¢ Fully integrated design environment 

¢ Methodology for precision circuit design 

¢ Integrated physical design 

¢ Automatic place and route 

* Complete layout verification 


Our design automation staff integrates the third-party tools 
and optimizes their use on the Mentor platform. This framework 
can easily accommodate new tools when needed, and it 
enables us to support a combination of analog and digital 
design techniques in all CMOS, Bipolar and BiCMOS chip 
designs. By mixing design methodologies, we can achieve 
optimum systems performance, even when schedules are 
tight. 


Electrical design 


A single CAE (Computer Aided Engineering) environment 
provides for schematic capture, simulation, synthesis and 
documentation. We support this software with extensive librar- 
ies of pre-designed cells and components. Highly specialized 
cells or components can be designed and enhanced where 
required. We simulate each circuit to meet precise performance 
specifications using: 

¢ Analog circuit simulation 

* Digital logic simulation 

¢ Timing simulation 

+ Mixed-mode simulation 

¢ Switched-capacitor filter simulation 

¢ Behavioral simulation 


Admittedly, simulation alone is not the key to perfecting 
performance. That’s why we work aggressively to refine our 
understanding of models to make them work with simulation. 
Inside our progressive Device Modeling and Characterization 


Layout 
Editor 


Design 


Rule 
Checks 


Plotting 
Pattern 
Generation 


CALMA 


Process 
Library & 
Device 
Generators 


Tape 
Read/Write 
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laboratory, we develop accurate circuit simulation models and 
parameters. The DMC lab provides complete device model 
data for our processes using capabilities such as AC measure- 
ment, statistical analysis and worst-case modeling. Accurate 
models are a cornerstone of our design-for-quality approach. 


Physical design 


Our PEGASYS Layout System aids the mask designer 
through all physical design phases, ensuring consistency 
throughout the design cycle. This fully integrated environment 
provides for both full-custom design and auto place-and-route 
design including these capabilities: 


¢ Graphic editing 

¢ On-line point-to-point routing 

* Compaction 

¢ On-line design rule checking 

¢ Layout-to-schematic verification 

¢ Parasitic extraction/back annotation 

¢ Output in industry standard GDS format 


The same physical design environment supports all pro- 
cesses and design methodologies. 


Automatic place & route software 


The automatic place-and-route capability speeds through 
physical design far more rapidly than a full-custom, hand-drawn 
approach. We have combined Cadence Design Systems’ 
TANCELL™., the most area-efficient router on the market, with 
our proprietary tools. This flexible environment allows for floor 
planning and automatic routing, and it supports the combina- 
tion of custom cells, standard cells and compiled blocks. 


Layout-to-schematic trace and verification 
software 


Our circuit-trace capability compares the completed IC 
layout to the schematic database, using proprietary techniques 
and tools to guarantee quality. We help to eliminate layout 
errors through verification checks of both connectivity and 
component values. The resulting layout is an exact match of the 
schematic design. Further possible layout problems are iden- 
tified during post-layout simulations using true parasitic model- 
ing of capacitance and resistance interconnect. In short, all 
potential problems are fixed or addressed before first silicon 
fabrication. 


KADS. A mutual drive for custom design 


The Silicon Systems Key Account Design Service (KADS) 
program is our way of designing and developing custom IC 
solutions in a high-level cooperative partnership with our cus- 
tomers. 


The KADS approach introduces the best minds in your 
company to Silicon Systems’ mixed-signal specialists. Together 
we work closely, freely exchanging each other’s ideas and 
experience in order to inspire breakthrough technical 
achievements and raise quality and creativity to a new level. 
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CUSTOM SOLUTIONS 


WHERE PROCESS MEETS NEED: CMOS 


Silicon Systems offers two proven CMOS process tech- 
nologies for creating low-power, highly integrated systems 
solutions. We use CH for 5V and12V applications and CG for 
5V only needs. Both offer excellent analog performance. Fora 
summary, see Table 1. 


Our CH process achieves its higher (to 12V) operation via 
a DDD (Double Diffused Drain) source/drain structure. This 
increases the S/D junction grading and breakdown voltage 
while lowering the associated junction capacitance. 


The CH process also provides high quality, low voltage 
coefficient, precision poly-poly capacitors that support high 
performance switched-capacitor filtering and data conversion 
(A/D and D/A) circuits. Another important CH process feature 
for analog applications is found with our high (2/° poly resistors. 
Their low voltage coefficient is important for low distortion, 
continuous time filters such as in anti-aliasing applications. 
Typical CMOS processes use unacceptable high-value well 
resistors, and do not provide poly-poly capacitors. 


improved CMOS reliability 


Silicon Systems boosts your system’s reliability by incor- 
porating a well ring into the CH process. This improves well tie- 
down and increases latchup immunity. For harsher environ- 
ments such as motor drivers or the automobile, we use an 
epitaxial (epi) substrate to provide latchup immunity of more 
than 200 mA. 


CMOS CG. Low-power & high performance 


Our CG CMOS process is specifically designed to support 
your 5V mixed-signal applications. Its smaller feature size 
(1.5u, shrinkable to 1.2u) allows for much higher levels of 
system integration, higher speed and lower power. 


CG supports high performance analog circuitry with preci- 
sion poly-poly capacitors as well as complex digital circuitry 
including DSPs, microcontrollers, datapaths and memory. 


For across-section view of the Silicon Systems CG CMOS 
process, see Figure 1. 


BIPOLAR & BICMOS PROCESS 
TECHNOLOGIES 


Our bipolar MSICs take advantage of two high-perfor- 
mance Bipolar processes: BK (for 12V applications) and BN (for 
5V applications). The BK analog/digital process achieves its 
higher voltage operation and improves lateral PNP transistor 
performance by using a lightly-doped epi layer. 


In BK we provide deep N+ and P+ enhancement layers to 
reduce both collector series and base resistance. Our use of 
up-junction isolation to gives us a major reduction in device 
area, when compared with that of typical junction isolated 
processes. Metal-Poly capacitors with a nitride dielectric are 
used for improving capacitor reliability. 


CUSTOM SOLUTIONS 


BN. Low-power/ 8 Ghz Bipolar at 5 volts 


A noteworthy feature of a minimum size BN process 
transistor is that it’s only about 1/5th the size of a minimum size 
BK transistor. Because we employ full oxide isolation in BN, we 
can fabricate very fast, very small transistors and reduce 
sidewall capacitances. This supports not only high speed, but 
also low power. 


The BN process features high-performance NPN transis- 
tors to support mixing high-performance emitter coupled logic 
(ECL) with analog circuitry. To provide for strict TTL I/O compat- 
ibility, we use superior PtSi Schottky diodes. 


The resulting speed and packing density allows you to 
effectively implement dense high-performance, low-power 
Bipolar analog/digital capability into your system designs. 


For a feature-by-feature comparison of Silicon Systems’ 
BK and BN bipolar processes, see Table 3. 


BiCMOS process technologies 


High performance NPNs and CMOS transistors highlight 
our BiCMOS process. They support mixing high performance 
analog circuitry with high density digital logic. 

We greatly improve response speed through the use of 
silicided base components and S/D regions that decrease 
extrinsic resistances in both types of active components while 
reducing the Emitter-Base and Gate-Source (Drain) space. 


Our BiCMOS process offers enhanced reliability and fully 
supports all 5V mixed-signal designs. 


| Drawn 


Ce eee od | Gate =] Interconnect Pitches | 
‘Process | Type _ mi |BVDSS/ Length | Poly 1 {Metal 1|Metal 2| Features 


Si-Gate, single metal, 18V 
dual poly, P Well 


Si-Gate, dual metal, 
dual poly, P Well 


Gate 


Source/Drain 


PWell 
(for NMOS) 


¢ DDD S/D structure 

¢ Poly-poly capacitors 

¢ Low-voltage coefficient 
¢ High Q /C poly resistors 
¢ Epi substrate option 

¢ Buried well-ring 


* DDD S/D structure 
¢ Poly-poly capacitors 
¢ Shrinkable to 1.2 


Nitride 
Passivation 


Aluminum 
Interconnect 
(second layer) 


Aluminum 
Interconnect 
(first layer) 


N - Substrate — NWell 


(for PMOS) 


Gate 
Oxide 


FIGURE 1: CG CMOS Process Transistor 
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interconnect Pitches 
Type vt BVDSS | Length |Poly | MO BV ceo 


Bipolar: 10V 1.0n |2.6u | 3.2u]3.8u)5.0u} 8V | 13GHz] 1.0u Bipolar: 
Oxide isolated | *High Perf. NPN'S 
*PtSi Schottky Diodes 
CMOS: *Gate Oxide Capacitors 
*Poly Capacitors 
Si-Gate, single *Sidewall Oxide Isolation 
poly, triple *Fuses 
metal, P Well 
CMOS: 
*Lightly Doped Drains 


TABLE 2: BiCMOS Process Chart 


Junction-isolated 12V 2 GHz 14.0u | « Polysilicon emitters 
¢ A1 Schottky diodes 
- SROEE 


¢ Nitride capacitors 
TABLE 3: Bipolar Process Chart 


¢ lon implanted resistors 
¢ Up/down junction isolation 
¢ Collector/base plugs 


* High performance NPNs 
¢ PtSi Schotty diodes 

¢ Nitride capacitors 

¢ lon implanted resistors 

* Sidewall oxide isolation 
¢ Collector/base plugs 


Aluminum interconnect 


Base plug for reduced (second layer) 


base resistance 


Aluminum interconnect 


Oxide isolation (first layer) 


for reduced collector - 
substrate capacitance 


Substrate 


Collector plug 
(P- high resistivity) 


for reduced . 
collector resistance 


Buried layer 
for reduced . 
collector resistance 


FIGURE 2: BN Bipolar Process NPN Transistor 
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CUSTOM SOLUTIONS 


A SUPERIOR FINISH FOR CMOS, BIPOLAR 
AND BICMOS 


You might say this is the payoff window. The benefits of our 
process technologies, design tools and our unique custom 
approach all come together during wafer fabrication, test and 
assembly. 


Our two manufacturing centers, located in Tustin and 
Santa Cruz, California, can offer specialized capabilities to 
match your particular fabrication requirements. Both facilities 
provide you with high resolution stepper photolithography tech- 
nology, positive resist, dry plasma etch systems, high current 
ion implantation and automatic sputtering. 


At Fab 1, in Tustin, we focus on Bipolar processes such as 
high-speed BN. 

Our Fab 2, in Santa Cruz, emphasizes advanced mixed- 
signal CMOS processes. Fab 2, the newer of the two facilities, 
has been expanded to accommodate Fab 3, also on site in 
Santa Cruz, dedicated to a new high-speed BiCMOS process 
and the production of next generation six-inch wafers. 


The right package 


Silicon Systems offers a wide range of plastic dual-in-line 
and surface mount packages to meet the small footprint 
requirements of advanced storage and communication products. 
We continue to be innovative in surface mount technology by 
providing PLCC, SO, QFP, VSOP and SSOP packages. At our 
Singapore assembly & test facility we have the full capability to 
support high quality automated packaging while also maintaining 
rapid cycle times. 


Promis. Quality through CAM 


Process and Management Information System (PROMIS) 
underscores our commitment to Computer-Aided Manufactur- 
ing (CAM). And to delivering you a superior quality product on 
time. 


We use PROMIS to facilitate the data required in our 
manufacturing, monitoring and Statistical Process Control (SPC) 
systems. 


With PROMIS we more effectively manage our inventory, 
accurately track wafers in process, closely monitor the clean 
room environment. 


PROMIS also assists our SPC efforts, as does our commit- 
ment to fully train all of our manufacturing personnel in SPC 
basics. 


We design for quality 


It’s our view that quality is nothing less than absolute 
customer satisfaction. To achieve it, we begin far “upstream” in 
the product development process. Our design-for-quality 
approach scrutinizes the design itself with statistically based 
models, comprehensive simulation tools and vigorous design 
reviews. 


The results of such an effort are IC products that boast 
lower defect rates, higher parametric performance and far 


fewer redesigns. Moreover, our persistence in improving qual- 
ity keeps us focused on finding better and faster ways to satisfy 
future customer demands. | 


Quality that delivers 


With effective systems such as PROMIS and our design for 
quality approach in place, Silicon Systems is prepared to 
deliver you finished products you can really depend on. On 
time. And under budget. 


For details on how you can take best advantage of Silicon 
Systems’ custom mixed-signal IC solutions, see your nearest 
Silicon Systems representative, or contact us. Silicon Systems, 
Inc. 14351 Myford Road, Tustin, CA 92680. 714-731-7110. 
FAX: (714) 573-6914. 


| SILICON SYSTEMS. 


os CUSTOMER... 


Design Specifications 
and Requirements 


‘Initial Design Review 


ee a 


Design Components 
* Schematic Capture 
* Simulation 

* Netlisting 


Final Design Review 


* Automatic Placing 
and Routing or 
Hand-Packed Layout 

« Automatic Circuit 

Trace 


Final Layout Review 


Test Program Creation 
Photomask 
Wafer Fab 
Prototype 

(Assembly, Test, Ship) 


Evaluate Prototype 


i 
Verify System Function 
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Release to Production 


CUSTOMER INTERFACE FOR FULL-CUSTOM 
AND CELL-BASED DESIGNS 


A TDK Group s Company 


scones 


SECTION 1 
1.1. INTRODUCTION 


Silicon Systems is committed to the goal of customer satis- 
faction through the on-time delivery of defect free products 
that meet the customer’s expectations and requirements. 
This statement serves as the corporate quality policy and 
reflects key elements that are instrumental in attaining true 
customer satisfaction. This section outlines Silicon Systems’ 
ongoing activities for the control and continual improvement 
of quality in every aspect of our organization. 


Silicon Systems is diligently working to maintain and improve 
its position as a world-class provider of mixed-signal inte- 
grated circuits (MSICs™). Our Corporate Quality Mission 
describes that commitment: “Achieve Total Customer 
Satisfaction Through Quality Excellence by Continuous 
Improvement.” 


We realize and practice the concept that quality and reliability 
must be designed and built into our products. In addition, 
Silicon Systems utilizes rigid inspections and data analysis to 
evaluate the acceptability and variation existing in incoming 
materials and performs stringent outgoing quality verifica- 
tion. The manufacturing process flow is encompassed by an 
effective system of test/inspection checks and in-line moni- 
tors which focus on the control and reduction of process 
variation. These gates and monitors ensure precise adher- 
ence to prescribed standards and procedures. 


Silicon Systems also incorporates the use of statistical pro- 
cess control techniques into company operations. The con- 
trol and reduction of the process variation by the use of 
statistical problem solving techniques, analytical controls 
and other quantitative methods ensures that Silicon Systems’ 
products maintain the highest levels of quality and reliability. 
Our Reliability and Quality Assurance organization is com- 
mitted to working closely with the customer to provide assis- 
tance and a continually improving level of product quality. 


Reliability and 
Quality Assurance 


1.2 RELIABILITY AND QUALITY ASSURANCE 


It is the objective of the Reliability and Quality Assurance 
organization to ensure that proactive quality systems are in 
place to ensure that Silicon Systems’ products will meet or 
exceed customer requirements and expectations. In addi- 
tion, the Reliability and Quality Assurance organization works 
to facilitate the timely implementation of solutions and moni- 
tors the effectiveness of corrective actions. These organi- 
zational strategies support the continuing enhancement of 
quality consciousness throughout Silicon Systems, a nec- 
essary element in support of world-class quality. 


In order to facilitate the close coordination required of the 
Reliability and Quality function, a combined Reliability and 
Quality Assurance organization has been established. The 
R&QA organizational structure is pictured in Figure 1. To 
reflect corporate commitment, this organization is headed by 
a Senior Vice President reporting directly to the President/ 
COO. 


SECTION 2: QUALITY ASSURANCE 
2.1 QUALITY OBJECTIVES 


While all Silicon Systems employees have direct responsibility 
for quality in their functions, Quality Assurance has the 
ultimate responsibility for the reliable performance of our 
products. This is accomplished through the administration of 
formal quality systems which assure Silicon Systems’ man- 
agement, as well as ourcustomers, that products will fulfillthe 
requirements of customer purchase orders and all other 
specifications related to design, raw material and in process 
through completion of the finished product. 


Quality Assurance supports, coordinates and actively partici- 
pates in the formal qualification of suppliers, material, pro- 
cesses, and products, and the administration of quality 
systems and production monitors to assure that our products 
meet Silicon Systems quality standards. Quality Assurance 


Reliability & 
Quality Assurance 
Sr. Vice President 


Quality Program 
Managers 


rs Configuration/ Corporate Reliability 
= ocument Control i= Quality Assurance Engineering 
Manager Manager Manager 


! 
i 
a 
1 
i) 
t 
t 


Local/Site Site QC 
: | apse a ma _ “se i i 
Singapore FIGURE 1: Organizational Chart 


Executive 
Secretary 


R&QOA 
Director 


Failure Corporate R&OA 
Analysis Quality Improvement - Special Projects 
Manager Manager Corporate Fellow 


SPC Area Coordinators 
Tustin, Santa Cruz, RAS 
Singapore 


Reliability and 
Quality Assurance 


also provides the liaison between Silicon Systems and the 
customer for all product quality related concerns. 


It is the practice of Silicon Systems to have corporate quality 
and reliability objectives encompass all of its activities. This 
starts with a strong commitment of support from the corporate 
level and continues with exceptional customer support long 
after the product has been shipped. 


Silicon Systems emphasizes the belief that quality and reli- 
ability must be built into all of its products by ensuring that all 
employees are educated in the quality philosophy of the 
company. Some of the features built into Silicon Systems 
Quality Culture include: 


1. Structured training programs directed at Wafer Fabri- 
cation, Test, Process Control personnel and support- 
ing organizations. 

- Team based problem solving methodologies. 


- Corporate-wide training of quality Paiieserny: and 


statistical methods. 
2. Stringent in-process inspection, gates, and monitors. 


3. Rigorous evaluation of designs, materials, and pro- 
cessing procedures. 


4. Stringent electrical testing (100% and QC AQL/Sample 
testing). 


5. Ongoing reliability monitors and process verifications. 


6. Real-time use of statistical process conte 
methodology. 


7. Corporate level audits of manufacturing, subcontrac- 
tors, and suppliers. 


8. Timely corrective action system. 
9. Control of non-conforming material. 


These focused quality methods result in products which 
deliver superior performance and reliability in the field. 


2.2.1. INCOMING INSPECTIONS 


Incoming inspection plays a key role in Silicon Systems’ 
quality efforts. Small variations in incoming material can 
traverse the entire production cycle before being detected 
much later in the process. By paying strict attention to the 


monitoring of materials at the earliest possible stage, varia- — 


tion can be reduced, resulting in a stable uniform process. 


2.2.2 IN-PROCESS INSPECTIONS 


Silicon Systems has established key inspection monitors in 
such strategic areas as Wafer Fabrication, Wafer Probe, 
Assembly, and Final Test. These quality monitoring tests are 
performed in addition to the intermediate and final inspections 
found in the manufacturing process. 


Quality control monitors have been integrated throughout the 
manufacturing flow, so that data may be collected and ana- 


lyzed to verify the results of intermediary manufacturing . 
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steps. This data is used to document quality trends or long 
term improvements in the quality of specific operations. 
Abnormality control is being used to enhance the effective- 
ness of this process. A generic description of the product flow 
and QC inspection points is shown in Figure 2. In process 
monitors such as oxide integrity, electromigration immunity 
and other parameters monitor long term reliability as well as 
circuit performance. 


2.3 DESIGN FOR QUALITY 


Since the foundation of a reliable product is rooted in the 
design process, the Reliability and Quality Assurance organi- 
zation actively participates in comprehensive cross-func- 
tional reviews of design stages prior to the product’s transition 
to production status. These review stages assure a predict- 
able and effective development cycle. Other important de- 
sign-related functions include ensuring that process specifi- 
cation revisions are translated into updated design param- 
eters and the translation of manufacturing process capability 
into design guidelines. This is accomplished through the 
identification and monitoring of critical process and device 


Wafer Fab Final Lot Acceptance 


Wafer Probe 
Wafer Probe Monitor 


Probe Gate 
Prep for Assembly 
Ship to Assembly 


Assembly 
Assembly Gates & Monitors 


Receive from Assembly 
DPA, Mark Perm. & Solderability Monitors 


Assembly Gate 


Final Test 
AQL Sample 


| | Manufacturing 


C) Process Control Gates 


Test Gate 
Finished Goods 
Pack and Ship Gate /\ Process Control Monitor 


Ship to Customer <> Quality Assurance 
Final Outgoing Inspection 


_ FIGURE 2 
Process Control Gates and Monitors 


parameters. Wafer level test at the early stages of process 
development also plays a critical role. These elements, in- 
cluded in Silicon Systems design for quality effort, support the 
development of robust design rules which are as insensitive 
as possible to inherent manufacturing variation. The result is 
a product that delivers predictable and reliable long term 
performance. 


2.4 PPM REDUCTION PROGRAM 

The primary purpose of a PPM reduction program is to 
provide a formalized feedback system in which data from 
nonconforming products can be used to improve future 
product consistency and reliability. The action portion of this 
program is accomplished in three stages: 


1, 
2. 


Identification of defects by failure mode. 


Identification of defect causes and initiation of corrective 
action. 


3. Measurementof results and setting of improved goals. 


The data summarized from the established PPM program is 
compiled as a ratio of units rejected/tested. This ratio is then 
expressed in terms of defective parts per million (PPM). 
Founded on astatistically valid database of PPM data and an 
established five-year strategic plan identifying PPMimprove- 
ment goals, Silicon Systems has consistently achieved ex- 
cellent quality standards and will continue to progressively 
improve PPM standards. 


2.5. COMPUTER AIDED MANUFACTURING CONTROL 


Computer Aided Manufacturing (CAM) is used throughout 
Silicon Systems for the identification, control, collection and 
dissemination of timely information for logistics control. Sili- 
con Systems also uses this type of computerized system for 
statistical process control and manufacturing monitoring. 
PROMIS, (PROcess Management and Information System), 
displays approved/controlled recipes, processes, and proce- 
dures; tracks work-in-process; reports accurate inventory 
information; allows continuous recording of facilities data; 
contains statistical analysis capabilities; and much more. 
PROMIS allows for a paperless facility, a major element in 
minimizing contamination of clean room areas. 


The PROMIS system has been configured to meet the 
specific requirements of Silicon Systems. 


SECTION 3: RELIABILITY 
3.1 RELIABILITY PROGRAM 


Silicon Systems has defined various programs that will 
characterize product reliability levels on a continuous basis. 
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Reliability and 
Quality Assurance 


These programs can be categorically described by: 


1. Qualifications 

Production Monitors 

Evaluations 

Failure Analysis 

Wafer Level Reliability 

Data collection and presentation for improvement 
projects 


Lr a 


3.2 QUALIFICATIONS 


Extensive qualification programs ensures that all new prod- 
uct designs, processes, and packaging configurations meet 
the absolute maximum ratings of design and the worst case 
performance criteria for end users. A large database gener- 
ated by means of accelerated stress testing results in a high 
degree of confidence in predicting final use performance. The 
qualification criteria used are periodically reviewed to be 
consistent with Silicon Systems’ increasing quality and reli- 
ability goals in support of our customers. 


3.3 PRODUCTION MONITORS 


This program has been established to randomly select a 
statistically significant sample of production products for 
subjection to maximum stress test levels in order to evaluate 
the useful life of the product in a field use environment. 


Table 1 lists reliability test methods that are in use at Silicon 
Systems. This analysis of production monitor at Silicon 
Systems provides valuable information on possible design/ 
process changes which assure continued improved reliability. 
The monitors are periodically reviewed for effectiveness and 
improvements. 


3.4 EVALUATIONS 


The evaluation program at Silicon Systems is an ongoing 
effort that will continue defining standards which address the 
reliability assessment of the circuit design, process param- 
eters, and package of a new product. This program continu- 
ously analyzes updated performance characteristics of prod- 
uct as they undergo improvement efforts at Silicon Systems. 


3.5 FAILURE ANALYSIS 


The failure analysis function is an integral part of the Quality 
and Reliability department at Silicon Systems. Silicon Sys- 
tems has assembled a highly technical and sophisticated 
failure analysis laboratory and staff. This laboratory provides 
visual analysis, electrical reject mode analysis, and both 


Reliability and 
Quality Assurance 


TEST | 
Biased temperature/humidity 
Highly accelerated stress test (HAST) 
High temperature operating life (HTOL) 
Steam pressure 
Temperature cycling 
Thermal shock 
Salt atmosphere 
Constant acceleration 
Mechanical shock 
Solderability 
Lead integrity 
Vibration, variable frequency 
Thermal resistance 
Electrostatic damage 
Latch-up 
Seal fine and gross leak 


Evaluates package integrit 

| 
E 
Mil Std 883C, Method 1014 


TABLE 1: Reliability Stress Tests 


destructive and non-destructive data to aid the engineers in 
developing corrective action for improvement. These test 
analyses may include metallurgical, optical, chemical, electri- 
cal, SEM with X-ray dispersive analysis, and E-Beam non- 
contact analysis as needed. 


These conclusive in-house testing and analysis techniques, 
are complemented by outside support, such as scanning 
acoustic microscopy, focused ion beam, and complete sur- 
face and material analysis. This allows Silicon Systems to 
monitor all aspects of product manufacturing to ensure that 
the product of highest quality is shipped to our customers. 


3.6 WAFER LEVEL RELIABILITY PROGRAM 


A primary objective at Silicon Systems is to improve the 
reliability of our products through characterization of our 
manufacturing operations. The identification of specific failure 
mechanisms occuring in the wafer fabrication and assembly 
processes is a prerequisite to effective corrective action 
aimed at reducing defects and improving quality and reliability. 


The primary advantage of wafer level reliability testing is the 
speed at which results can be derived, thereby providing 
additional response time and an early warning of process 
changes. This tool provides Silicon Systems with a very rapid 
analysis tool which allows for the early identification of pos- 
sible problems and a determination of their origin. 
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The continuous improvement approach taken at Silicon 
Systems uses the wafer level reliability tests as tools to 
improve the process, identify potential problems, determine 
the sources of any process weakness and eliminate prob- 
lems upstream in the process. This results in a focus on 
reliability improvement that goes well beyond merely deter- 
mining the projected lifetime of a product to a detailed 
characterization, measurement and control of the specific 
parameters which actuallly determine product lifetime. 


3.7 DATA COLLECTION AND PRESENTATION FOR 
IMPROVEMENT PROJECTS 


Data collected from each element of the Reliability program 
is summarized for scope and impact and distributed among 
all engineering disciplines in the company. This data facili- 
tates improvement and provides our customers an opportu- 
nity to review the performance of our product. | 


3.8 RELIABILITY METHODS 


The Reliability Program utilizes a number of stress tests that 
are presently being used to define performance levels of our 
products. Many of these stress tests are per MIL-STD-883C 
as shown in Table 1. 


3.9 RELIABILITY PREDICTION METHODOLOGY 


At Silicon Systems, the Arrhenius model is used to relate a 
failure rate at an accelerated temperature test condition toa 
normal use temperature condition. 


The model basically states FR = A exp(-Ea/KT) 
Where: 


FR = Failure rate 

A = _ Constant 

Ea = Activation Energy (eV) 

K = _ Boltzmann’s constant 8.62 x 105 eV/ degree K 
T = Absolute temperature (degree K) 


SECTION 4: ELECTROSTATIC DISCHARGE 
PROGRAM 


4.1. ESD PREVENTION 


Silicon Systems recognizes that the protection of Electro- 
static Discharge (ESD) sensitive devices from damage by 
electrical transients and static electricity is vital. ESD safe 
procedures are incorporated throughout all operations which 
come in contact with these devices. Continuous improve- 
ment in the ESD protection levels is being accomplished 
through the incorporation of increasingly robust protection 
devices during the circuit design process as well as work area 
improvements. 


Silicon Systems’ quality activity incorporates several protec- 
tion measures for the control of ESD. Some of the preventive 
measures include handling of parts at static safe-guarded 
workstations, the wearing of wrist straps during all handling 
operations, the use of conductive lab coats in all test areas 
and all areas which handle parts and the packaging of 
components in conductive or anti-static containers. 
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Silicon Systems 
Packaging Index 


DUAL-IN-LINE PACKAGE (DIP) 


Plastic | 
| SURFACE MOUNTED DEVICES (SMD) | sis 
PLCC (Quad) er 
32 & 44 12-8 


Quad (Flatpack) 52 & 100 


Thin Quad Flatpack 32 & 48 12-11 
64 12-12 


Small Outline (SOIC) 8,14 & 16 SON 
16, 18, 20, 24 & 28 SOL 


VSOP (SOV) 
SON is a 150 mil width package. 
SOL is a 300 mil width package. 
SOW is a 400 mil width package. 
SOM is a 300 mil width package, fine pitch (0.8mm). 
SOV is a 220 mil width package, fine pitch (0.65mm). 
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L-ol 


Ordering 


Information S S | 


PRODUCT CATEGORY 


HDD Interface 

HDD Controller 

HDD Data Recovery 
Electronic Filter 

HDD Head Positioning 

HDD Motor Speed Controller 
HDD Pulse Detection 

HDD Read/Write Amp 

FDD Interface 

FDD Data Recovery 

FDD Pulse Detection 

FDD Read/Write Amp 

Tope Drive Pulse Detection 
Standard Automotive Products 
Standard Automotive Products 
Modem Device Set 

K-Series Modem 
Modem/Modem Support 
Tone Si nalling 

Analo ‘Velecon 

Digital Telecom 

LAN Products 


NNAENNNNE Al AA 


DEVICE TYPE 
3 or 4 Digits 


CSaYutQeagrxzen 


RELEASE LEVEL 
(Revision) 
A through E 


MODIFIERS 


FAX Capability 
Burn-in (168 Hours} 
Burn-in (48 Hours) 
Low Power 

AT Commands, MNP5 
AT Commands 


AT Commands, MNPS5, V.42 
AT Commands, MNP5, V.42, V.42bis 


Mirror Image 

Serial Version 

Low Power Serial 
Damping Resistor 
Resistor, Mirror Image 
On-Chip UART 


Cannot use A-E in left position 


NUMBER OF 
CHANNELS 


C 
| 


PACKAGE TYPE 


Side-Brazed Ceramic 

Flatpack 

GFP, Quad Flatpack (2.5 mm height 
TQFP, Thin Quad Flatpack (1.4 mm height) 
PLCC 

Plastic Dip 

Metal Can 

Plastic, Skinny Dip 

Small Outline, Narrow (150 mil.) 

Small Outline, Large (300 mil.) 

Small Outline, Wide (400 mil.) 

Small Outline, (300 mil.), Fine Pitch (0.8mm) 


<FE-ZHAvrOOTN 


TEMPERATURE RANGE 


Commercial (0 °C to +70 °C} 
Industrial (-40 °C to +85 °C) 


SHIPPING OPTIONS 
R _—_— Tape and Reel 


Very Small Outline (220 mil.) Fine Pitch (0.65 mm) 


Uud!}eWOJU] HulepsCO 
SW9}SAS UODIIS 


Package Information 
(Plastic DIP) 


.260 (6.604) 
"240 (6.096) 

PIN NO. 1 

IDENT. 


.400 (10.160) 


350 (9.980) 


.215 (5.461) 
"145 (3.680) 
.150 (3.810) 
7125 (3.175) 
| ee TYP. (2.540) 


.015 (0.381) 
025 (0.564) 


050 (1.270) 
"020 i 508) 


8-Pin Plastic 


.310 (7.874) 
"285 (7.239) 


0-15° 


-260 (6.604) 
.240 (6.096) 
PIN NO. 1 
IDENT. 


.770 (19.558) 


745 (18.923) 


070 (1.778) 
015 i 


.200 (5.080) 
"140 (3.556) 
.150 (3.810) 
"125 (3.175) 
}— 1 TYP. (2.540) 
.015 (0.381) 
7023 (0.584) 


14-Pin Plastic 


.260 (6. “SOE Bsr 


ae 


PIN NO. 1 
IDENT. 


.770 (19.558) 


-748 (18.923) 


16-Pin Plastic 


sete, 778) 
ve 1) 
.200 (5.080) 
"T40 (35-556)° 
.150 (3.810) 
125 (F175) .310 (7.874) 
| je 0 100 TYP. (2.540) ea lveey 
0-15 
.015 (0.381) 
"025 (6.584) 
.260 (6.604) 
"240 (6.096) 
PIN NO. 1 
IDENT. 
.930 (23.622) 
880 (22.352) 
18-Pin Plastic 
070 (1.778 


.200 (5.080 
140 (3.556 
150 (3.810 
125 (3.175 
aa /- .100 TYP. (2.540) 


.015 (0.381 
023 (0.584 


= | 


310 (7,874 | 
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Package Information 


PIN NO. 1 
IDENT. 


1.040 (26.416) 


1.010 (25.654) 
* 4.195 (30.253) 


1.175 (29.845) 
.200 (5.080) 
.140 (3.556) 
% .135 (3.429) 
.140 (3.556) _.150 (3.810) 
120 (3.048) .125 (3.175) 


aa k- .100 TYP. (2.540) 


.015 (0.381) 
023 (0584) 


* 


tt 


Z 
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.260 (6.604) 
7240 (6.096) 

20 Pin Plastic 
070 (1.778) *24S Pin Plastic 
"020 (0.508) 


* 015 (0.381) 


.310 (7.874) 
"B85 (7.259) 


0-15° 


ft 
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"330 (8.382) 
PIN NO. 1 
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1.100 (27.940) 
1.080 (27.432) 22 Pj . 
-Pin Plastic 
.065 (1.651) 
.020 (0.508) 
.200 (5.080) 
140 (3.556) 
160 (4.064) t 
.120 (3.048) 
u ul U ie Ul -410 (10.414) 
.380 (9.652) 
.100 TYP. (2.540) 
0-15° 
015 (0.381) 
.023 (0.584) 
580 (44.732) 
.515 (13.081) 
PIN NO. 1 
IDENT. 
1.290 (32.766) 
1.200 (30.480 r i 
(50480) 24-Pin Plastic 
-065 (1.651) 
.015 (0.381) 
Seen | 
-165 (4.190 
-160 (4.064) { 
125 (3.175) 
ae i I a a i 610 (15.494 
Se Taaes 
-- .100 TYP. (2.540) 
0-15° 
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Package Information 


560 (14.224) 
B30 (13.462) 


PIN NO. 1 
IDENT. 


1.450 (36.830) 
1,380 (35.052) 


065 (1.651) 
015 (0.381) 


# z oa 
Tee 


| -- 100 TYP. (2.540) 
015 (0.381 
0 ose 


560 (14.224 
BS EEE 
PIN NO. 1 
IDENT. 


1.625 (41.275) 
.220 6.508 
.160 (4.064) 
eae ; 
| 015 (0.381 
Tose 3 (0.584) 


560 (14.224 
: 19.462 
PIN NO. 1 
IDENT. 


2.070 (52.578) 
2.020 (51.308) 


.100 TYP. (2.540) 


| e100 (2.540) 
.015 (0,381 
"023 (0.584) 
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| 


-610 (15.494 
‘ 14.8 


| 


610 (15.494 
Bes See SEH 


28-Pin Plastic 


32-Pin Plastic 


40-Pin Plastic 


Package Information 
Cerdip 


.325 (8.255 
"290 Fase 


325 rae 
: 366) 


0.332 (8.433) 


PIN NO. 1 PIN NO. 1 0.280 (7.112) 
IDENT. IDENT. 
0.770 (19.558) 0.325 (8.255) 
0.380 (9.652) 0.690 (17.526) 0.290 (7.366) 
0.020 0.020 
MIN MIN 


0.175 (4.445) 


0.012 (0.305) 


0.175 (4.445) 
: 0.008 (0.293) 


) 


wml be a 


0.038 (0.965) 0.125 (3.175) 0-15° 


0-15° MIN 0.030 (2.413) 


0.125 0.038 MIN 
0.030 
0.100 TYP 


8-Pin Cerdip 14-Pin Cerdip 


.260 (6.604 
240 (6.096) 

PIN NO. 1 

IDENT. 


0.332 (8.433) 
0.280 (7.112) 


0.830 (21.082) 
0.770 (19.558) 
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0.290 (7.366) 


16-Pin Cerdip 


0.020 


os 
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0.175 (4.445) 
0.105 (2.667) 


0.175 (4.445) 
0.125 (3.175) 


0.021 (0.533) 
0.015 (0.381) 


0.030 (0.965) 0.125 (3.175) 0-15° 
MIN 0.030 (2.413) 
325 (8.255) 
"290 (7.366) 
PIN NO. 1 
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0.060 
0.020 
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0.105 
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0125 
.100 TYP. (2.540) = Pe a = 
0-15° 
0.060 0.021 
0.038 0.015 


Package Information 


0.432 (10.973) 
MAX 


PIN NO. 1 
IDENT. 


22-Pin Cerdip 


0.420 (10.668) 
MAX 


1.120 (28.448) MAX 


0.010 (0.254) Min. | 


0.060 (1.524) 
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0.023 (0.584) 
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MAX 


PIN NO. 1 
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1.220 (30.998) MAX 
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0.010 (0.254) MIN 
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0.085 (2.159) 
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0.023 (0.584) 
0.125 (3.175) 


0.015 (0.381) 


| | | 


100 TYP. 9.060(1.524) 0.023 (0.584) ae 
(2.540) 0.038 (0.965) 0.015 (0.381) = 
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Package Information 
PLCC (Quad) 


395 (15.8) 
385 (15.4) ____ 


.354 (14.6) 


350 (14.0) 


042 
y 086 
, 148 (5.92) 


395 (15.8) 


354 (14.16) 
385 (15.4) 


350 (14.0 
(14.0) 026 (1.04) 
032 (1.28) 


290 (11.6) 


320 (12.8) 
050 TYP (1.27) 


20-Pin Quad PLCC 


.495 (12.573) 
.485 (12.319) .075 (1.905) 


065 (1.651) | 
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020 (0.508) 

.390 (9.906) 
“430 (10.922) 


28-Pin Quad PLCC 


.495 (12.573) 
485 (12.319) 


.456 (11.650) 
.450 (11.430) 
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595 (15.11) 
.585 (14.86) 


695 (17.655) 
685 (17.399) 


453 (11.51) 
449 (11.40) 


495 (12.57) 
485 (12.32) 


.656 (16.662) 
7650 (16.510) 


140 (3.56) 

123 (3.12) 
| 095 (2.41) 
076 (1.98) 


.695 (17.655) 


Package Information 


553 (14.05) 
"549 (13.94) 


32-Pin Quad PLCC 
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"165 (4.191) 
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650 (16.510) 


I 


44-Pin Quad PLCC 
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68-Pin Quad PLCC 
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Thin Quad Flatpack 
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0.366 (9.3) 
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0.460 (11.7) 
0.484 (12.3) 


0.390 (9.9) 
0.398 (10.1) 
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0.0196 (0.5) Typ. 2+2° 


0.006 (0.14) 0° 
0.010 (0.26) = 


0.1 + 0.06 


0.127 + 0.05 
-0.01 


T 


0.049 (1.25) 
0.061 (1.55) 


0.50 + 0.20 


64-Lead Thin Quad Flatpack 
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Package Information 
(SON) 


- 050 TYP. (1.270) 


: 


.160 (4.064) 
.150 (3.810) 8-Pin SON 
-Fin 
PIN NO.1 
BEVEL a oe 


200 (5.080) 


245 (6.223) 
.185 (4.699) EaaAye aaa 


.230 (5.842) 


010 (0.254) 


.070 (1.778) "003 (0.076) (0.076) 
.060 (1.524) 
(016 nom (0.40) ~wm| - | 


185 (4.699) 
170 (4.318) 


| - .050 TYP. (1.270) 


.159 (4.04) 
.149 (3.78) . 
14-Pin SON 
PIN NO.1 
BEVEL a 


0.350 (8.890) 


psataitnciann 244 (6.20) 
0.330 (8.382) 


.228 (5.80) 


010 (0.254) 


069 (1.75) _ 004 (0.10) 
053 (1.35) _ 


>| Le. 016 nom (0. wo A 0.050 (1.27) | 


0.016 (0.40) 
aa = .050 TYP. (1.270) 


160 (4.064) 
150 (3.810) 

PIN NO.1 : 

BEVEL on oe 16-Pin SON 


.400 (10.160) 
380 (9.652) 


245 (6.223) 
230 (5.842) 


010 (0.254) 


070 (1.778) 003 (0.076) 
060 (1.524) 


—. 016 nom (0. a. 


185 (4.699) 
170 (4.318) 
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Package Information 


(SOL) 


> 050 TYP. (1.270) 


305 (7.747) 
285 (7.239) 


o_o 


.415 (10.541) 
.395 (10.033) 
010 (0.254), 


110 2110 (2.794) 794) as .003 "003 (0.076) 076) 
-092 "092 (2.336) 336) 
-»| Le. 016 nom (0.40) 


16-Pin SOL 


.420 (10.668) 


.390 (9.906) 
PIN NO.1 
BEVEL 


.335 (8.509) 
.320 (8.128) 


.050 TYP. (1.270) 


305 (7.747) 
285 (7.239) 


= 


POUUUL 
465 (11.811) 
445 (11.303) 
010 (0.254) 


110 (2.794) 003 (0.076) 
092 (2.336) 


>| - .016 nom (0.40) 


18-Pin SOL 


PIN NO.1 
BEVEL 


| .050 TYP. (1.270) 


.420 (10.668) 


305 (7.747) El 
"385 (7.239) .390 (9.906) 
PIN NO.1 
BEVEL oe ee 


.335 (8.509) 
.320 (8.128) 


aeeae UL 
515 (13.081) 
495 (12.573) 
.010 (0.254) 


140 (2.790), .003 (0.076) 
.092 “092 (2.336) 336) ~- 
>| le .016 nom (0. i 
20-Pin SOL 


.110 (2.790) 003 (0.076) 
092 (2.336) - 


os 050 TYP. (1.270) 


305 (7.747) 

285 (7.239) 
PIN NO.1 Y 
BEVEL 


FRERURERESSRURERE 
615 (15.621) 
595 (15.113) 

010 (0.254) 


-»| Ly .016 nom (0.40) 
24-Pin SOL 


| - .050 TYP. (1.270) 


‘ 


305 (7.747) 

285 (7.239) 
PINNO1 y 
BEVEL 


_715 (18.161) 
"695 (17.653) 
,010 (0.254) 


ToT OTF TTT r—o ooo oe a a ao .003 (0.076) 
[=fa[a[u[ujujujujujuinja[al/an 
-»| Le ore nom (0.40) | 
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110 (2.790) 
092 (2.336) 


28-Pin SOL 


.420 (10.668) 
390 (9.906) 


335 (8.509) 
320 (8.128) 


Package Information 
(SOL/SOM/SOW) 


- 016 nom + - .040 TYP. (1.02) 


2890 (7.34) 
34-Pin SOL 


.2992 (7.60) 


PIN NO.1 
BEVEL ~— > 
6969 (17.70) 
7130 (18.11) 
0039 (0.10) 


1060 (2.69) 
7 a .016 (0.40) TYP. 


: 


; 


.2890 (7.34) 
.2992 (7.60) 


3937 (10.00) 
4193 (10.65) 


| Le .050 TYP. (1.270) 


.405 (10.287) 
385 (9.779) 


32-Pin SOW 


PIN NO.1 
BEVEL 
-820 (20.828) .490 (12.446) 
.798 (20.193) "520 (13.208) 
.013 (0.330) 
.110 (2.790) .003 (0.076) 
.092 (2.336) | 
t .435 (11.049) 
.420 (10.668) 
.305 (7.747) .420 (10.668) 
.285 (7.239) .390 (9.906) 
PIN NO.1 y 
BEVEL 36-Lead SOM 
.604 (15.354) (Fine Pitch) 
584 (14.846) s .041 (1.04) 
.003 (0.076) 
Lee) C0 J San 0 ee fa Sas eens a amas eS an a UU Oa cue Os ces om snes oe cee 0 ee Od ee J Ld od 010 (0.254) 
(HAA AAA AV soy 
A .335 (8.520) 4 el 
.320 (8.140) 
2-8 degrees 


092 (2.336) 
al _—— 4! ere | neo 
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PIN NO.1 
BEVEL 


0875 (2.223) 
1054 (2.677) 


TARAS NE ee 
_ Lome. (0.75) TYP. | E cateak TYP. | eee 2-8 degrees 


PIN NO. 


BEVEL 


081 (2.05) 


071 (1.80) 


307 (7.8) 
291 (7.4) 


Package Information 


.305 (7.747) 420 (10.668) 
.285 (7.239) 390 (9.906) 


.730 (18.542) 
710 (18.034) 


T 041 (1.04) 


030 (0.77) 
021 (0.53) 


.319 (8.1) 
.303 (7.7) 
——s _y 
Pi ee te 
.285 (7.25) 
' .281 (7.15) 


006 (0.155) 


a 


ole seen 


| | 0.026 — 65 mm) 


224 (5.7) 
216 (5.5) 


311 (7.9) 
303 (7.7) 


006 (0.160) 
050 (1.27) "005 (0.130) 
049 (1.24) - 
013 (0.32) 
“005 (0.12) 
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.335 (8.520) 
‘320 (8.140) 


44-Lead SOM 


(Fine Pitch) 


20-Pin SOV 


24-Pin SOV 


SECO RTOS 7 


North American: 
Regional Offices & Sales Representatives 


NORTHWEST NEW MEXICO 


HEADQUARTERS. 
Jon Tammel, Manager. 
Keith Hively, District Manager 
Michael Haidar, F.A.E. 
Jim Lange, F.A.E. 
Silicon Systems, Inc. 
2001 Gateway Place 
Suite 301 East 

San Jose, CA 95110 
Ph: (408) 453-7811 
FAX: (408) 453-5988 


CALIFORNIA 

Magna Sales 

Santa Clara 

Ph: (408) 727-8753 
FAX: (408) 727-8573 


OREGON 

Western Technical Sales 
Beaverton 

Ph: (503) 644-8860 
FAX: (503) 644-8200 


WASHINGTON 

Western Technical Sales 
Bellevue 

Ph: (206) 641-3900 
FAX: (206) 641-5829 
Spokane 

Ph: (509) 922-7600 
FAX: (509) 922-7603 


SOUTHWEST [aa 
HEADQUARTERS 

Larry Cleland, Manager 

Silicon Systems, Inc. 

14351 Myford Road 

Tustin, CA 92680 

Ph: (714) 832-5310 

FAX: (714) 832-5247 


ARIZONA 

Western High Tech Marketing, Inc. 
Scottsdale 

Ph: (602) 860-2702 

FAX: (602) 860-2712 


CALIFORNIA 
Hadden Associates 
San Diego 

Ph: (619) 565-9444 
FAX: (619) 565-1802 


SC Cubed 

Thousand Oaks 

Ph: (805) 496-7307 
FAX: (805) 495-3601 
Tustin 

Ph: (714) 731-9206 
FAX: (714) 731-7801 


COLORADO 

Lange Sales 

Littleton 

Ph: (303) 795-3600 
FAX: (303) 795-0373 


Colorado Springs 
Ph: (719) 632-8340 
FAX: (719) 632-8419 


Western High Tech Marketing, inc. 
Albuquerque © 

Ph: (505) 884-2256 

FAX: (505) 884-2258 

UTAH 

Lange Sales 

Salt Lake City 

Ph: (801) 487-0843 


FAX: (801) 484-5408 


CENTRAL 
HEADQUARTERS 

Mike Traviolia, Manager 

Brendon Chiu, F.A.E. 

Silicon Systems, Inc. 

4708 Main Street, Suite 201 

Lisle, IL 60532 

Ph: (708) 810-1151 


_ FAX: (708) 810-1158 


Automotive Sales (Detroit): 
Fabian Battaglia, F.A.E. 
Ph: (313) 462-2133 
FAX: (313) 462-2405 
ILLINOIS 

Circuit Sales, inc. 
Itasca 

Ph: (708) 773-0200 
FAX: (708) 773-2721 
INDIANA 

Arete Sales, Inc. 


Fort Wayne 


Ph: (219) 423-1478 
FAX: (219) 420-1440 
Greenwood 

Ph: (317) 882-4407 
FAX: (317) 888-8416 
IOWA 

Cahill, Schmitz & Howe 
Cedar Rapids 

Ph: (319) 377-8219 


~ FAX: (319) 377-0958 


KANSAS 

B.C. Electronics 
Kansas City 

Ph: (913) 342-1211 
FAX: (913) 342-0207 


KENTUCKY 

Arete Sales, Inc. 
Greenwood, IN 

Ph: (317) 882-4407 
FAX: (317) 888-8416 


MICHIGAN 

Trilogy Marketing, Inc. 
Bloomfield Hills 

Ph: (313) 338-2470 
FAX: (313) 338-6720 


MINNESOTA 

OHMS Technology, Inc. 
Minneapolis 

Ph: (612) 932-2920 
FAX: (612) 932-2918 


MISSOURI 

B.C. Electronics 
Bridgeton 

Ph: (314) 739-6683 
FAX: (314) 344-3180 


OHIO 

Makin Associates 
Cincinnati 

Ph: (513) 871-2424 
FAX: (513) 871-2524 


Dublin 

Ph: (614) 793-9545 
FAX: (614) 793-0256 
Solon 

Ph: (216) 248-7370 
FAX: (216) 248-7372 


TEXAS 

OM Associates, Inc. 
Austin 

Ph: (512) 794-9971 
FAX: (512) 794-9987 
Richardson 

Ph: (214) 690-6746 
FAX: (214) 690-8721 


Houston 
Ph: (713) 789-4426 
FAX: (713) 789-4825 


WISCONSIN 

Circuit Sales, Inc. 
Brookfield 

Ph: (414) 784-7773 
FAX: (414) 784-4528 


EAST 
HEADQUARTERS 

Wayne Taylor, Manager 

Russ Dow, District Manager 

Silicon Systems, Inc. 

53 Stiles Road 

Salem, NH 03079 

Ph: (603) 898-1444 

FAX: (603) 898-9538 


Georgia Sales Office 
Dan Kilcourse, F.A.E. 
Ph: (404) 409-8405 
FAX: (404) 368-1060 


ALABAMA 

Technology Marketing Assoc. (TMA) 
Huntsville 

Ph: (205) 883-7893 

FAX: (205) 882-6162 


CONNECTICUT 
Orion Group 
Southington 

Ph: (203) 621-8371 
FAX: (203) 628-0494 


FLORIDA 

Technology Marketing Assoc. (TMA) 
Orlando 

Ph: (407) 671-2245 

FAX: (407) 671-4117 

Deerfield Beach 

Ph: (305) 427-1090 

FAX: (305) 427-1626 


Largo 
Ph: (813) 531-4405 


FAX: (813) 535-9044 
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GEORGIA 

Technology Marke ting Assoc. (TMA) 
Norcross 

Ph: (404) 446-3565 

FAX: (404) 446-0569 


MARYLAND 
Burgin-Kreh Associates 
Baltimore 

Ph: (410) 265-8500 
FAX: (410) 265-8536 
MASSACHUSETTS 
Mill-Bern Associates 
Woburn 

Ph: (617) 932-3311 
FAX: (617) 932-0511 


NEW JERSEY - NORTH 
Technical Marketing Group 
West Caldwell 

Ph: (201) 226-3300 

FAX: (201) 226-9518 


NEW JERSEY - SOUTH 
Omni Sales 

Erdenheim, PA 

Ph: (215) 233-4600 
FAX: (215) 233-4702 


NEW YORK 

Electra Sales 
Rochester 

Ph: (716) 427-7860 
FAX: (716) 427-0614 


East Syracuse 

Ph: (315) 463-1248 

FAX: (315) 463-1717 

Technical Marketing Group 
Melville 

Ph: (516) 351-8833 

FAX: (516) 351-8667 

NO. CAROLINA 

Refer calls to TMA Atlanta, Georgia 


PENNSYLVANIA 
Omni Sales 
Erdenheim 

Ph: (215) 233-4600 


~ VIRGINIA 


Burgin-Kreh Associates 
Refer calls to 
Burgin-Kreh, Maryland 


CANADA 
BRITISH COLUMBIA 
Enerlec 

Richmond 

Ph: (604) 273-0882 
FAX: (604) 273-0884 
ONTARIO 

Har-Tech 
Downsview 

Ph: (416) 660-3419 
FAX: (416) 660-5102 


Nepean 
Ph: (613) 726-9410 
FAX: (613) 726-8834 


QUEBEC 

Har-Tech 

Pointe Claire 

Ph: (514) 694-6110 
FAX: (514) 694-8501 


International 
Distributors & Sales Representatives 
FAR EAST THAILAND 


{excluding Japan) Dynamar Computer Products 
HEADQUARTERS Bangkok 

K. S. Ong, District Sales Manager Ph: (662) 278-3690 

Silicon Systems, Singapore (662) 278-5722 

3015A Ubi Road 1, #01-01 FAX: (662) 271-3815 
Kampong UBI Industrial Estate 


EUROPE TAL 
HEADQUARTERS Cetra S.R.L. 

Robert Sharman, Manager Milano 

N. Harrison, Tech. Support Mgr. Ph: (39) 2-295-20556 
Silicon Systems, Europe FAX (39) 2-295-20557 
The Business Centre THE NETHERLANDS 


Gor-ray House 

758-760 Great Cambridge Road 
Enfield 

Middlesex EN13RN 

England 

Ph: (44) 81-443-7061 

FAX: (44) 81-443-7022 

TLX: 825824 BUSTEC G (ref. ENFIELD) 


AUSTRIA 

Codico GMBH 

Wien 

Ph: (43) 222-86-24-28 
FAX: (43) 222-86-32-57 
BELGIUM 

Alcom Electronics BVBA 
Kontich 

Ph: (32) 3-458-3033 
FAX: (32) 3-458-3126 
DENMARK 

C-88 

Kokkedal 

Ph: (45) 4224-4888 
FAX: (45) 4224-4889 


ENGLAND 

Pronto Electronic Systems, Ltd. 
lIford, Essex 

Ph: (44) 81-554-6222 
FAX: (44) 81-518-3222 
TLX: 895-4213 PRONTO G 
FINLAND 

Komdel Oy 

Espoo 

Ph: (358) 0-885011 

FAX: (358) 0-885-327 
TLX: 121926 KOMDL SF 


FRANCE 

Datadis, S.A. 

Massy Cedex 

Ph: (33) 1-69-20-41-41 
FAX: (33) 1-69-20-49-00 
TLX: 603167 F 
GERMANY 

Atlantik Elektronik GmbH 
Martinsried 

Ph: (49) 89-857-0000 
FAX: (49) 89-857-3702 
GREECE 

Peter Caritato & Associates, Ltd. 
Athens 

Ph: (30) 1-902-0115 
FAX: (30) 1-901-7024 
TLX: 216-723 CARI GR 
IRELAND 

Memec Ireland, Ltd. 
Limerick, Republic of Ireland 
Ph: 353-61 -330742 

FAX: 353-61-331 888 


Alcom Electronics BV 

2908 LJ Capelle A/D IJSSEL 
Ph: (31) 10-451-9533 

FAX: (31) 10-458-6482 
TLX: 26160 


NORWAY 

Hans H. Schive 
Asker 

Ph: (47) 2-900900 
FAX: (47) 2-904484 
TLX: 19124 SKIVE N 


PORTUGAL 

Diode 

Lisbon 

Ph: (351) 1-571390 
FAX: (351) 1-534987 


SPAIN 

Diode 

Madrid 

Ph: (34) 1-555-3686 
FAX: (34) 1-556-7159 
TLX: 42148 DIODE 


SWEDEN 

Bexab Technology AB 
Taby 

Ph: (46) 8-732-8980 
FAX: (46) 8-732-7058 
TLX: 136888 BEXTE S 


SWITZERLAND 

Elfyptic AG 

Zurich 

Ph: (41) 1-493-1000 
FAX: (41) 1-492-2255 
TWX: 822-542 ELYP CH 


YUGOSLAVIA 
Ellyptic AG 
Maribor 

Ph: (38) 62-24561 


AFRICA & MIDDLE EAST 
Monte Vista International 

5976 W. Las Positas Bivd., Suite 220 
Pleasanton, CA 94588 U.S.A. 

Ph: (415) 463-8693 

FAX: (415) 463-8732 


ISRAEL 

Rapac 

Tel Aviv 

Ph: (972) 3-6477115 
FAX: (972) 3-493272 
TLX: 342173 RAPAC IL 


Singapore 1440 
Ph: (65) 744-7700 
FAX: (65) 748-2431 


AUSTRALIA 

R & D Electronics 
Victoria 

Ph: (61) 3-808-8911 
FAX: (61) 3-808-9168 
TLX: 790-33288 
HONG KONG 

CET, Ltd. 

Wanchai 

Ph: (852) 520-0922 
FAX: (852) 865-0639 


INDIA 

Mathar Corp. 

Bangalore 

Ph: (812) 568-772 
(812) 568-925 

FAX: (812) 542-588 


U.S.A. Headquarters 
Rosemont, PA 

Ph: (215) 527-5020 

FAX: (215) 525-7805 


KOREA 

Hanaro Corporation 
Seoul 

Ph: (82) 2-516-1144 
FAX: (82) 2-516-1151 
EASYLINK: 62057328 


MALAYSIA 


Dynamar Computer Products 


Penang 


Ph: 604-281 414 (6 lines) 


FAX:604-281420 


Petaling Jaya 
Ph: 603-7767199 
FAX: 603-7767201 


NEW ZEALAND 

Apex Electronics, Ltd. 
Wellington 

Ph: (64) 4-878-551 
Ph: (64) 4-878-552 
FAX: (64) 4-387-8566 


SINGAPORE 


Dynamar Computer Products 


Ph: (65) 281-3388 
FAX: (65) 281-3308 


TLX: RS26283 DYNAMA 


TAIWAN 


Dynamar Taiwan Co., Ltd. 


Taipei 


Ph: (886) 2-777-5670 thru 5674 
FAX: (886) 2-777-5867 
TLX: 785-11064 DYNAMAR 
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JAPAN as 
SSi/TDK CORP. HEADQUARTERS 
Den Suzuki, Manager 
1-13-1 Nihonbashi, Chuo-Ku 
Tokyo 103, Japan 
Ph: (81) 3-32785049 
FAX: (81) 3-32785330 
(81) 3-32785358 
TLX: J24270 
J26937 


JAPAN 

Internix 

Tokyo 

Ph: (81) 3-3369-1105 
FAX: (81) 3-3363-8486 
TLX: 781-26733 


MEXICO 
* Chihuahua & Sonora only 

Western High Tech. Marketing 
Albuquerque, New Mexico 

Ph: (505) 884-2256 

FAX: (505) 884-2258 


* All other Mexico inquiries should 
contact SSi Tustin Southwest Sales 
Office 

Ph: (714) 832-5310 

FAX: (714) 832-5247 


SOUTH AMERICA 
ARGENTINA 

Yel S.R.L. 

Buenos Aires 

Ph: (54) 1-46-211 

FAX: (54) 1-476-2551 

TLX: 390-18605 


BRAZIL 

Etek Electronics Ltd. 
Sao Paulo 

Ph: (55) 11-531-2258 
FAX: (55) 11-543-4727 


U.S. Contact 

Etek Electronics Ltd. 
Boca Raton, Florida 
Ph: (407) 997-6277 
FAX: (407) 997-5467 


CHILE 

Victronics, Ltd. 

Santiago Centro 

Ph: (56-2) 2237698 
(56-2) 330237 

FAX: (56-2) 334432 

TLX: 340168 VICTOR CK 


North American 
Authorized Distributor Offices 


All locations are “Hall-Mark Electronics” except as noted. 


ALABAMA 
Huntsville 
Ph: (205) 837-8700 


ARIZONA 
Phoenix 
Ph: (602) 437-1200 


Aved, Inc. 
Phoenix 
Ph: (602) 951-9788 


CALIFORNIA 
Rocklin 
Ph: (916) 624-9781 


San Diego 
Ph: (619) 268-1201 


San Jose 
Ph: (408) 432-4000 


Torrance 
Ph: (213) 217-8400 


Tustin 
Ph: (714) 669-4100 


Aved, Inc. 

San Diego 

Ph: (619) 558-8890 
FAX: (619) 558-3018 


Aved, Inc. 
Tustin 
Ph: (714) 259-8258 


Western Microtechnology 
Orange 

Ph: (714) 637-0200 

FAX: (714) 998-1883 


Western Microtechnology 
San Diego 

Ph: (619) 453-8430 

FAX: (619) 453-1465 


Western Microtechnology 
Saratoga 

Ph: (408) 725-1660 

FAX: (408) 255-6491 
(Sales Dept. FAX) 


COLORADO 
Englewood | 
Ph: (303) 790-1662 


CONNECTICUT 
Wallingford 
Ph: (203) 271-2844 


FLORIDA 
Clearwater 
Ph: (813) 541-7440 


Orlando 
Ph: (407) 830-5855 


Pompano Beach 
Ph: (305) 971-9280 


GEORGIA 
Norcross 
Ph: (404) 447-8000 


ILLINOIS 
Wooddale 
Ph: (708) 860-3800 


INDIANA 
Indianapolis 
Ph: (317) 872-8875 


KANSAS 
Lenexa 
Ph: (913) 888-4747 


MARYLAND 
Columbia 
Ph: (301) 988-9800 


MASSACHUSETTS 
Billerica | 
Ph: (617) 935-9777 


MICHIGAN 
Detroit 
Ph: (313) 462-1205 


MINNESOTA 
Bloomington 

Ph: (612) 881-2600 
FAX: (612) 881-9461 


MISSOURI 
St. Louis 
Ph: (314) 291-5350 


NEW JERSEY 
Mt. Laurel 
Ph: (609) 235-1900 


Fairfield 
Ph: (201) 515-3000 


NEW YORK 
Ronkonkoma 
Ph: (516) 737-0600 


Rochester 
Ph: (716) 425-3300 


NORTH CAROLINA 
Raleigh 
Ph: (919) 872-0712 


OHIO 
Solon 
Ph: (216) 349-4632 


Worthington 
Ph: (614) 888-3313 


OREGON 

Western Microtechnology 
Beaverton 

Ph: (503) 629-2082 

FAX: (503) 629-8645 
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OKLAHOMA 
Tulsa 
Ph: (918) 254-6110 


TEXAS 
Austin 
Ph: (512) 258-8848 


Dallas 
Ph: (214) 553-4300 


Houston 
Ph: (713) 781-6100 


UTAH 

Aved, Inc. 

Salt Lake City 

Ph: (801) 975-9500 


WASHINGTON 

Western Microtechnology 
Redmond 

Ph: (206) 881-6737 

FAX: (206) 882-2996 


WISCONSIN 
New Berlin 
Ph: (414) 797-7844 


CANADA 


ONTARIO 

Har-Tech Electronics 
Downsview 

Ph: (416) 665-7773 


BRITISH COLUMBIA 
Enerlec 
Surrey 
Ph: (604) 273-0882 


Silicon Systems, Inc. 

14351 Myford Road, Tustin, CA 92680 
A TDK Group J Company Ph (714) 731-7110, Fax (714) 669-8814 
Printed in U.S.A. 


